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PREFACE. 



The following littla work is intended to have a twofold 
object — both to explain and illustrate the use and application 
of logarithms for the practical calculator, and to set forth and 
demonstrate their nature and properties for the Mathematical 
student. While, therefore, the Theoretical and Practical 
parts have been kept distinct, so that either might be sepa- 
rately studied or referred to, they have been bo written with 
reference to each other, as to form but one connected treatise, 
which the student, who really wishes to become thoroughly 
acquainted with the subject, should entirely peruse. For, 
although a knowledge of their mathematical properties is not 
essential to a knowledge of their use, yet they are so inti- 
mately connected, that the acquirement of one greatly facili- 
tates the acquirement of the other. 

II. L 

Old Wihdms, 9th Juty 1850. 
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LOGARITHMS. 



CHAPTER I. 

Explanation and Definitions of Logarithms. 

The word Logarithm is derived from two Greek words (xoyot, 
ratio, and agiOpo;, number), and signifies the ratios of num- 
bers. 

By the ratio of two numbers, or the proportion which one 
number bears to the other (the two terms being synonymous), 
is meant the magnitude of the quotient arising from the divi- 
sion of one number by the other. Thus, the ratio of 2 to 6 
is expressed by and any other two numbers would be said 
to have the same ratio when the quotient arising from the 
division of one by the other was the same; so, A being equal 

to ~, 4 is said to have the same ratio to 13 that 2 has to 6. 
6 

This is frequently written — 

4 : 12 :: 3: 6 

and is read, as i is to 12 so is 3 to 6; it signifies nothing 
more than that the ratio of the two first numbers is the same 

as that of the two last, or that — = -. 

12 8 

A series of numbers is said to be in continued proportion 
when the ratio between each two consecutive numbers is the 
some, thus — •: 
8, 6, 18, 54, 162, 

B 
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are in continuod proportion, because the ratios of 2 to 6, 6 to 

18, 18 to 54, and 54 to 163, or 1, ™, ^1, are all 

6 18 54 163 
equal. Now, the ratio of 3 to 18 is made up of the ratio of 
2 to 6 and 6 to 18 ; but as these are equal, it is twice the 
ratio of 2 to 6 ; so, in like manner, the ratio of 2 to 54 ia 
three times* the ratio of 2 to 6; and the ratio of 3 to 162 is 
four times that of 2 to 6. ^Jfi 
In order to examine some of the properties of a series^^ 
numbers in continued proportion, let us take the following, 
which is a more extensive series than the preceding : — 
1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048 . - . (A), 
0, 1, 2, 8, 4, 5, 6, 7, 8, 9, 10, 11 . . . (B), 
and let us place under each term in this series a number ex- 
pressing how many times the ratio of 1 to 2 is- contained in 
the ratio of 1 to that term ; we see at once that under 1 we 
must place 0, and under % we must place 1 ; also, since the 
ratio of 1 to 4 is twice that of 1 to 3, under 4 we must place 
3, and since the ratio of 1 to 8 is three times that of 1 to 3, 
under 8 we must place 3 ; and, proceeding in a similar man- 
ner, we shall obtain the numbers in the second line above. 
Now, the numbers which we have thus placed under the terms 
of the proportion are logarithms of those terms, and are so 
called because they express the number of ratio* of unity to the 
first term contained in the ratio of unity to the term under 
which they are placed. 

The numbers composing a series in continued proportion, 
similar to the above, will, on examination, be found to be de- 
rived from each other by the continual multiplication of the 
previous term by some constant number ; thus, in the first 
series, 6 is derived from 2 by being multiplied by 3, and in 
like manner 18 is obtained from 0, and 54 from 18 ; so in 
the second series, the constant multiplier is 3, each term being 
derived from the preceding by multiplication by that num- 
ber. A series of numbers thus obtained by the continual 
multiplication of its terms by a constant number is called a 
geometrical series ; such ia the series (A) above ; while a series 
in which the terms are derived by the continual addition of a 
constant number is termed au arithmetical series, an example 
of which is afforded by the series (B) above. 

Now, whatever the number may be by the continual mul- 
tiplication of which the geometrical series is formed, if the' 
series commences with unity, and under it is written the 



OS LOOARITHMB. 



3 



arithmetical series formed by the continued addition of unity, 
commencing with the cypher, then will the numbers in the 
lower line express the number of ratios of unity to the first 
term, of which the ratio of unity to all the other terms is 
made up, and therefore they will be the logarithms of the 
numbers in the line above them. For example : — 

J 8 9 27 81 243 -| * re forming a geometrical 

of which 0^ I, 2, 8, 4, •{"■^JSJHJ 1- tomi0g m * Wtt " 

So, 1, 7, 49, 343, 2401 { tb . e numSeM forming a geometrical 

of which 0, 1, 2, 8, 4 ( «b io^Wiim, forming an orifA- 
' L maieal tenet. 

And again, 1, 10, 100, 1000, 10000{ are ^ ( ^™^'f j formin8 * 
of which 0, 1 , 2, 3, 4 { m ^$£S%£^ ™ 

Now, from the very nature of a geometrical series, it fol- 
lows, that its terms are all powers of the constant number by 
the multiplication of which they are produced, and therefore, 
in place of writing the numbers themselves, we might intro 
duce the expression denoting the power, without actually per- 
forming the multiplication, and we should thus obtain for the 
three geometrical series above, writing them vertically instead 
of in horizontal lines*, 



Noa. 




Logs. 


Hm. 


Logs. . 


Hot. 


Logs. 


1 




8 • 


1 


= 7 • 


1 = 


10 • 


8 




3 ' 


7 


= 7 ' 


10 = 


10 ' 


9 




8 * 


49 


= 7 ' 


100 = 


10 ■ 


27 




3 3 


343 




1000 = 


10 ' 


81 




8 4 


2401 


= 7 « 


10000 = 


10 • 


248 




3 » 











In these we perceive immediately tbat the numbers denot- 
ing the powers, or, as they are termed, the indices or exponent* 
of the powers, are the same as the arithmetical series given, 
above, and that they are therefore the logarithms of the num- 
bers in the first columns. The constant number, of which 
the powers are successively taken, is termed the root or radix. 
and may have any value that we please assigned to it. Thus : 
we derive another definition of a logarithm, which may be d* 

* Tt must be borne in mind that a" = 1, and a 1 = o, whatever the value 
of a may be. 
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scribed aa the index or exponent, to which a certain root or base 
must be involved, m order to be equal to the number of which it 
is the logarithm. It is, therefore, evident that a given num- 
ber may have any number of logarithms corresponding with 
■it; or that the same logarithm may serve for several different 
numbers, according to the value assumed for the base or root 
to be involved, or what is the same thing, the common ratio 
of the geometrical progression*. Thus, in the examples 
above, the bases or common ratios are 8, 7, and 10. 

We have, therefore, three distinctly different definitions 
which may be given of logarithms, depending upon the par- 
ticular way in which they are regarded, and we shall recapitu- 
late these definitions, before proceeding ferther, in order to 
insure their being thoroughly understood. 

1. The logarithm of a given number is the number of ratios 
of some assumed constant number to unity, contained in the 
ratio of the given number to unity. 

2. Logarithms are a series of numbers in arithmetical pro- 
gression, answering to another series of numbers in geometri- 
cal progression; so taken that 0 in the first corresponds with 
1 in the latter. ' 

8. The logarithm of a number is the index or exponent of 
the power, to which a given constant base or root must be in- 
volved, to be equal to that number. 

Whichever of these definitions may be adopted, the same 
general properties may be deduced as belonging to logarithms ; 
we shall, however, in the following pages, consider them 
under the notion involved in the third definition, as the ex- 
ponents of the powers of some constant root. And, in order 
to a more perfect conception of the subject, we shall first con- 
sider the properties of the exponents of powers generally. 



CHAPTER II 

On the Exponents of Powers. 

Ik algebra, the powers of a quantity, or the number of times 
that that quantity has been employed as a factor to produce 
a given quantity, are denoted by that number being written 

* See page 18, 
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somewhat to the right and above the number or letter ex- 
pressing the original quantity or root of the power. Thus, 
the square of 6 is written 6 a ; the cube of x, x 3 ; and the fifth 
power of 12, 12*. In the first example, aa 6 enters twice as 
a factor, it is called the second power, and is denoted by 2 
written over the 6 ; in the second example, as x enters three 
times as a factor, it is called the third power, and is denoted 
by a 3 written above the x; and in the last example, as 12 
enters five times as a factor, it is termed the fifth power, and 
is written 13*. The number thus placed over a number, to 
denote the power to which it is required to be raised, is 
termed the index or exponent of that power; as the former of 
these terms is sometimes employed in a different sense, to 
avoid ambiguity we shall use only the last. Thus, in the 
foregoing examples, *2, 3, and 5 are the exponents of the 
powers, to which the quantities 6, x, and 12 are to be re- 
spectively raised or involved. 

Frequently letters are employed instead of numbers as ex- 
ponents of powers; thus, «" .denotes that the quantity repre- 
sented by x is to be raised to the power represented by a ; 
and 6", that the quantity b is to be raised to the power of n, 
or the nth power. The quantities, as x or b, in the- foregoing 
examples, which have to be involved, or the powers of which 
are to be taken, are termed the roots or bases. 

"When it is desired to multiply any two powers of a quan- 
tity, a very little consideration will show that their product 
will be equal to a power of that same quantity, whose exponent 
is the sum of the two exponents of the powers to be multi- 
plied. For, let as suppose the powers to be multiplied to be 

and then x s = x.x.x, and at 9 = x.x, therefore, ar* x ** 
= x.x. x . x. x = x\ the 'exponent of which 5 is equal to 
3 + 2, the sum of the exponents of the two factors. And the 
converse of this rule holds good, for if it is required to divide 
a power of a given quantity by any other power of the same 
quantity, it is only necessary to subtract the exponent of the 
divisor from the exponent of the dividend to obtain the ex- 
ponent of their quotient. Thus, let it be required to divide 

x' by x"; we have X s -i- flf = - ' - ' - ' X ' 31 ' x = x.x.x.x = x l , 
x.x 

the exponent of which is equal to 6 — 2. 

Let us next examine the value of the power of a power; for 
instance, the square of **, In this case, we see at once that the 
square of x* ia nothing more than x 1 multiplied by itself, and by. 
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our former rule for the multiplication of powers, we have (B* x 
a:' 1 as at 8 ; if wo had required the cube of**, it would hav# been 
ar i .a? 1 .x i = a?, and for every higher power of as 3 we must add 
another 3 to the exponent ; it is therefore obvious, that as the 
exponent of the original power has to be taken as many times 
as the exponent of the power to which it has to he raised, that 
the new exponent will be equal to the product of the other 
two ; thus, in the above examples, 3x2 = 6, therefore (a?)* 
= a?, and 3 x 3 = 9, therefore (a?)* — a?. The converse of 
this rule also holds good, for if it is required to extract any root 
of a power, we have only to divide the exponent of the power 
by the exponent of the root, to obtain the exponent desired. 
Thus the square root of a; 1 is a?, because 4 -H 2 = 2 ; and the 
square root of a? is ar*, because i > ~ 2 = 3. 

The four processes which we have here described are those 
which are of the most frequent occurrence, and as it is essen- 
tial that they should be perfectly comprehended before enter- 
ing on the use of logarithms, we shall recapitulate them in the 
form of rules. 

1. The multiplication of the powers of any quantity is per- 
formed by the addition of their exponents : that is, of x af* 

2. The division of the power of a quantity by any other 
power of the same quantity, is performed by subtracting the 
exponent of the divisor from the exponent of the dividend; 
that is, af sf* = ~ 

3. The involution of any power of a quantity to some power 
is performed by multiplying its exponent by the exponent of 
the power to which it is to be raised ; that is, the nth powet 
of af" is x"- m . 

4. The extraction of the root of any power is performed by 
dividing its exponent by the exponent of the root required j 

that is, the nth root of af» is x n 

In the last example we have an exponent differing from 
any which we have previously met with, namely, a fractional 
exponent; its use, however, in that example sufficiently ex- 
plains its meaning, which is, that the quantity to which it is 
attached is to be raised to the power denoted by the nume- 
rator of the fraction, and is then to have the root extracted, 
which is denoted by the denominator of the same ; or, tho 
processes may be reversed, and the root first extracted, 
and then the power raised, since the order in which these 
operations are performed makes no difference in the final re- 
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suit. For- example, let* above equal i, m equal S, aud n 

equal 2 ; than x* = 4^, and if we take the cube of 4, which 
equals 64, and extract its square root, we obtain 8 ; or, if we 
first extract its square root we obtain 2, the cube of which is 
also equal to 8. And therefore we perceive that the final 
result is the same, whichever process is first performed. 

In the example to the second rule, namely, at*" - ™' = 
if m is less than «, then the exponent r ia a positive number, 
and x r ia termed a direct power of x ; if, however, m exceeds 
n, then will r be a negative number, and in this case x~ r is 
termed an inverse power of x. In order to arrive at a correct 
idea of the value of an inverse power, we will take a direct 
power, and successively divide by its root, or subtract unity 
from its exponent, until we obtain a negative value; thus, let 
us start with tf\ then— 



1 1 
_ + a = — = $-* 

x ar 
1 1 _ ' 

or, in more general terms, x— = \ ; that ia to say, the in- 
verse power of any number U equal to unity divided, by the 
direct power with an equal exponent. . 

This last rule holds equally, when the exponent of the in- 
verse power is a fraction, as it does when an integer; thus, 

x~ ib equal to unity divided by the nth root of x, or to—/ 

»• 

We have then four different forms in which an exponent 
may be presented. 

1. The positive integral exponent, as *% which denotes the 
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direct nth power of x, and is equal to the product arising from 
the multiplication of n factors, each equal to x. 

2. The negative integral exponent, as x~", which denotes 
the inverse nth power of w, and is equal to unity divided n 
times by x. 

8. The positive fractional exponent, as x*, which denotes 
the direct nth root of x, and is equal to a quantity which, being 
multiplied n timea by itself, shall be equal to *. 

4. The negative fractional exponent, as at - which denotes 
the inverse nth root of a, and is equal to unity divided by the 
direct nth root of at. 



CHAPTER III. 
Of various Systems of Logarithms. 
We next proceed with the consideration of logarithms, 
under the view suggested in the third definition given of them 
in the first chapter, as the exponents of the powers of some 
constant number, taken as a base for the system. It was 
there stated that any value might be assumed for this base; 
two only have, however, been employed, namely, 2 7182818 
and 10. The first was that adopted by Baron Napier, the 
inventor of logarithms, and was employed by him in the first 
system of logarithms, which was calculated by Briggs. The 
reason why such an intricate number was adopted, and not 
some simple integer, will he presently explained ; it maybe 
sufficient at present to state, that the system having this 
number for its base, being capable of being expressed more 
simply, and calculated more easily, than any other, was the 
reason of its adoption ; from which circumstance, they have 
also been occasionally designated the natural system of loga- 
rithms; they are, however, more frequently termed Napierean 
or Hyperbolic logarithms. The latter term, derived from cer- 
tain relations, found to exist between the logarithms of this 
system and the asymptotic spaces of the hyperbola, and which 
were believed to be peculiar to it, is very properly falling 
into disuse, since it is now known that the same property 
belongs to every system, the only difference being in the angle 
included between the asymptotes, which depends upon and 
varies with the value of the base ; for in the system of which 
we are now speaking, in which the base equals 2-7182818, the 



OK LOGARITHMS. 



9 



asymptotes are at right angles to each other ; in the other 
system, having 10 for its base, they make an angle of 25°-7404. 

It was soon perceived by Briggs, who had calculated the 
first table of Napierean logarithms, that several important 
advantages were possessed by a system of logarithms whose 
base was 10; he consequently proposed it to Baron Napier, by 
whom it'was adopted, and it is now universally employed for 
the purposes of. calculation ; although the Napierean loga- 
rithms are always employed in the Differential and Integral 
Calculus, and the other higher branches of analysis. 

The logarithms of any particular system are immediately 
reduced to those of any other system, by merely being multi- 
plied by a constant number, whose value depends on the re- 
lative values of the bases of the two systems. Thus, the 
logarithms belonging to the common, or as it is sometimes 
termed Briggean, system, whose base is 10, are converted 
into ^he Napierean, whose base is 2 71829, by being multi- 
plied by Sf'3025851, while the Napierean are reduced to the 
Briggean by being divided by the same number, or, what is 
the same thing, being multiplied by its reciprocal 0434294t>. 
We shall not stop here to prove this, or to explain its reason, 
as it would involve considerations with which the student is 
supposed at present not to be acquainted ; its demonstration 
will be given in a subsequent chapter*. 

We shall now prooeed to explain why the base of the 
system was altered from 2 71828 to 10, and to point out the 
advantages thereby attained. 

In the tables below we have given the numbers whose 
logarithms are the first six integers in both systems, the 
left-hand table being taken to the Napierean base, and the 
right-hand to the base of 10. 



Nob. 




Base. Logs. 


Noi, 


I 


lase. Lo( 


100 




271828 0 


1 




10 0 


272 




2-718SJ8 1 


10 




10 1 


7-89 




2-71828 2 


100 




10 a 


20-09 




2-71828 3 


1000 




10 3 


54'60 




2-71828 * 


10000 




10 4 


148-41 




2-71828 s 


100000 




10 * 


403*43 




2-71828 B 


1000000 




10 • 



By reference to the right-hand table it will be seen that 
the common logarithm of 1 is 0, that of 10 is 1, and of 100 is 
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2 ; it is requisite, however, for the purposes of general compu- 
tation that we should know the logarithms of all the inter- 
mediate numbers included between these, as from 1 to 10, 
from 10 to 100, and so on. Now, since the logarithm of 1 
is 0, and of 10 is -1, it follows that the logarithms of any in- 
termediate numbers, greater than 1, but less than 10, mast 
be some fraction, whose value lies between 0 and 1 ; and in 
like manner that, since the logarithm of 100 is 2, the loga 
rithm of any intermediate number between 10 and 100, must 
have a value between 1 and 2. Interpolating, therefore, these 
fractional values of tlie logarithms of the intermediate num- 
bers, we obtain the following series : — 



Not 




Logs. 


Nos. Logs, 


1 = 


10 


o-oouoo 


11 = 10 »-MW 


a = 


10 


O-301O3 


12 = 10 'W 


3 = 


10 


0-47713 


13 = 10 I*"*" 


4 = 


10 




U = 10 l lK13 


5 = 


10 


0-G9897 


15 = 10 »■»•« 


6 = 


10 


0-JJ815 


10 = 10 


7 = 


10 


0«4SlO 


17 = 10 


8 = 


10 


iraaoa 


18 = 10 


9 = 


10 


OHMS* 


19 = JO 


10 = 


10 


1-00000 


20 = 10 I ' a > 103 
&c. &c. 



All numbers which are powers of 10, necessarily have in- 
tegers for their logarithms, but the logarithms of all the inter- 
mediate numbers are compounded of an integer and a decimal 
fraction. The decimal portion is termed the mantissa, and 
the integer, which precedes it, is called the index, or charac- 
teristic; as, however, the former of these terms is frequently 
employed in a different sense, we shall here only use the 
latter. 

In the foregoing Table, if we compare the logarithm of 2 
with that of 20, we BhaU find that they only differ in the 
characteristic, the mantissa or decimal portion being identical 
in both ; the reason of this will be very evident, if we con- 
sider that 20 is 2 multiplied by 10, and therefore that the 
logarithm of 20 is equal to the logarithm of 2, with that of 10 
added to it, and, as the logarithm of 10 is an integral number, 
its addition only affects the value of the characteristic. In 
fact, the addition of 1 to the characteristic is multiplying the 
number which it represents by 10; in- like manner, adding 2 
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to the characteristic, is multiplying the number by 100, and 
eo on Thus the logarithm 

Of 2 is 0 30103; 
Of 2 x 10 = 20 is 0-80108 + 1 = 1-80108 ; 
Of 2 x 100 = 200 is 0-30103 + 2 = 2-80108; 
Of 2 x 1000 = 2000 is 0-30103 + 3 = 3-30103. 

The mantissa, or the decimal portion of 'the logarithm, ia 
always the same with'the -same figures, whether they are deci- 
mals or integers; it is only the characteristic which changes 
its value, with a change in the position of the decimal point. 
The value of the characteristic of the logarithm of a number 
is always one less than the number of integers in that num- 
ber ; thus, in the above example, when the number is 20 the 
characteristic is 1, when 200 it is 2, and when 2000 it is 3. 

The characteristic, therefore, of the logarithms of all 
numbers 

Equal to, or greater than 1, but less than 10, is 1, 
10, „ 100, „ 2, 
„ 100, „ 1000, „ 8, 
1000, „ 10000, „ 4. 
&c. &c &c. 

By way of further illustration, we will take the number 
67854, and successively divide it by 10, examining the change 
thus produced in the value of the corresponding logarithms : 

Nob. Logs. 

. 67854 . . . =4-881576 

6785'4 . . . =3-831576 

678-54 . = 2-831576 

67-854 . . = 1-831576 

6-7854 . =0 881576 

•67854 . . .— 0831576 — 1 

067854 . . =0-831576-2 

■0067854 = 0-831576-3 

. We here perceive, as we have already stated, that, the 
figures remaining unaltered, no change takes place in the 
mantissa of the logarithm, but that as the number is succes- 
sively divided by 10, the value of the characteristic is 
diminished by unity. We see further that, when the num- 
ber is wholly a decimal fraction, the characteristic of its loga- 
rithm is negative; when the first figure after the decimal 
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point is a significant figure*, the characteristic of its loga 
rithm is — 1, when a nought is interposed after the decimal 
point, so that the first .significant figure is the second decimal 
figure, the characteristic is — 2, with two noughts it is — 8, 
and generally, the characteristic of the logarithm of a deci- 
mal fraction is a negative 'number, greater by unity than the 
number of noughts following the decimal point. Instead of 
writing, as we have alwve, 0'831576 — 3, the characteristic is 
placed to the left of the mantissa, with the negative sign 
above it, thus 3-831576. The negative sign is placed above, 
instead of before the characteristic, to denote that it is only 
the characteristic and not the mantissa that is negative. 
Thus, the characteristic of the logarithm of 

1 isT, 
■01 ,,2, 
001 „3, 
0001 „ 4. 
Ac.. &c 

Since the characteristic of the logarithm of any number 
does not depend upon the value of the figures composing that 
number, and is so easily found by attention to the foregoing 
rules, it is usual to omit them altogether in the tables of 
logarithms, and only to give the mantissa or decimal portion. 

It is only logarithms having 10 for their base which pos- 
sess this important property, of having the same mantissa for 
the same figures, and this was the reason of that number 
being proposed by Briggs for the base of the common system 
of logarithms. 



CHAPTER IV. 

Mode of calculating logarithms, and Demonstration of their 
Properties. 

Is the following Chapter the expressions, or formula em- 
ployed for the calculation of logarithms, are mathematically 
deduced, and demonstrations are given of all the properties of 
logarithms referred to in any other portion of the work. By 
those not familiar with mathematical investigation, the present 

* All tbe numerals are ligniScant figures, with the exception of the cypher. 
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chapter, may he omitted, as it is in nowise necessary to the 
proper understanding of the remainder of the work ; the sub- 
ject would, however, have been hardly complete without it, 
and it was considered that a rigid demonstration would be far 
more satisfactory to those by whom it could be followed, than 
a mere enunciation of the several propositions without any 
proof; and that, the reason of the several propositions and 
rules being understood, they would become much more firmly 
fixed in the memory, and their practical application and 
adaptation to peculiar cases rendered far more easy. 

Definitions 

1. The Power of a number or quantity, is the product aris- 
ing from the multiplication of that number, any number of 
times by itself. 

2. The Root, or bast of a power, is the number or quantity, 
by the continual multiplication of which by itself, that power 
is produced. 

■ 3. The Exponent, or index of a power, is the number of 
times that the root of that power enters into it, as a factor. 

4. The Exponent, or index of a root, is the number of times 
that it must be employed as a factor, to produce a given 
power, 

6. A Logarithm of a number, to any base, is the index or 
exponent of the power to which that base must be involved, 
to be equal to the number. 

6. A System of Logarithm, is the collection of the loga- 
rithms of a series of numbers, taken to the same base. 

Scholium. The logarithm of any number, as x, to any 
base b, is expressed by .log,, x ,- in like manner, the logarithm 
of the same number, to any other base, as i, is written logi x. 

7. A series of numbers is in Arithmetical Progression, 
when each number is derived from that which precedes it, 
by the addition of a constant number. 

Scholium. Such a series is called an Arithmetical Series, 
and any one of the numbers composing it, a term. 

8. The Common Difference, is tBe constant number, by the 
continual addition of which, an arithmetical series is formed. 

9. A series of numbers is in Geometrical Progression, when 
each number is derived from that which precedes it, by the 
multiplication by a constant number. 

Scholium. Such a series is called a Geometrical Series. 
10 The Common Ratio, is the constant number, by the 
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continual multiplication by which, a geometrical series is 
formed. 

Scholium. In investigations similar to the following, the 
term coefficient is employed in a somewhat extended signifi- 
cation, to mean any quantity or expression (however compli- 
cated) by which the quantity, more immediately under con- 
sideration, is multiplied. 

Thus, in the expression, 

f(r-0 f(f- 0 (f-») . 

th.^to f (f-l )-ni £(f-') (f- 3 ) , 

2 2.S 
are loolced upon as the coefficients of*s s and «* respectively 

11. The Characteristic of a Logarithm, is the integral 
number, to the left of the decimal point. 

12. The Mantissa of a Logarithm, is the decimal number, 
to the right of the decimal point. 

13. A Significant Figure is every figure bnt a cypher; the 
cypher signifying no actual quantity, but being employed 
only to determine the place of the other figures. 

Proposition A. 
Theobem. In an equation of the form 

A + Bs + Ca^+Dar 1 + + &e. = 

a + o as + ex 1 + rfas 5 + + &c. 

the coefficient of any power of x on one. side "of the equation, is 
equal to the coefficient of the like power of x on the other side ; 
that is, A = a, B = b, C = o, &c- 

Because, in the above expression, the values of the coeffi- 
cients are perfectly independent of the value of x, therefore, 
we may assume x to have any value we please, without de- 
stroying the equation. 

Let, therefore, x = 0, the equation then becomes 
A =a. 

Now, since A and a are equal, we may remove them from 
the original equation, which then becomes 

Bas-f Cx" + Dar 3 + ... + &c. = 
i.t + cx % + dx 3 + ... + &c. 
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Dividing both Elides by x, we obtain 

B + Cx + Da? + ... + &C. = 

b + cx + iar 1 + ... + &c. 
And again, assuming x = 0, we have 
B = 6. 

And in like manner, it may be shown that C = c, D = d, 
&c. 

Scholwm. 1. The above Theorem is true, whatever signs 
the terms of the equation may be affected with, provided only, 
that the terms- involving like powers of x, on the opposite 
sides, are affected with like signs. Thus, it is true if 
A — Bs + C** — T>a?+ ... — &c. = 
a— bx + cx 9 — dx* + ... — Sic. 

or if, 

— A -f Ba? — Ci^ + Dar 1 — ... + &o. = 

— a + bx — cx* + dx a — ... + &c 

2. This Theorem also holds good when more complicated 
functions of x take the place of x, x*, x\ &c., provided only, 
that the same functions occur in the same order on opposite 
sides ; as for example, if 

A + Bx + Cx* + I>xy + Ef + Vx 3 + ... + &c. = 
a + bx + cx* + dxy + etf + /^* + ... + &c. 

Proposition B. 

Problem. To expand b l in terms of X. 

For b, substitute (1 + y), then b* = (1 + y) ; expanding 
this expression by the Binomial Theorem *, it becomes 



-8&' + 9* 



• For a demonstration ftf the BinomM Theorem, see the " Elements of 
Algebra," p. 148, by Mr. Haddon. 
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I x' 6x» ; 1H» 6x\ 

(sI-^t + tj— + te 

Arranging this last expression, according to the powers of 
X, we have 

i» = l + x{ s _i !r » + i) r »_i !f > + ..._& } 

Or, if we put 

A-{,-i»>+>-^+....-k} 

B = {i a '-ij,' + iiy--...+fc.} 

we have ■ - * 

= 1 + Ax + B?, ! + Cx" + ... + &c [1.] 

Now, in order to obtain the rakes of the coefficients B, c, 
Ac, in terms of A, let us put x for A x + B \ 2 + C x 3 + Ac, 
then the above expression becomes 

b x = I + z. 

Extracting the root on both sides, we have, 

and raising them to- the power of r, it becomes 

*' = <!+•):' 
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Expanding by the Binomial Theorem, we have 

, I+ - .Kh'L &-■)■(>-») , , 

v-i+-- + — a — ' + 0 

• •(;-»)•(;-') ,, . 
5X1 * + + fc 

Substituting, in this expression, AV+ Bx a + CX S + Ac., 
for a, it becomes 

S'= 1 + j(A» + BX 1 + 0»» + *c.) + 

r(r-i) 

a (ax + i»' + c»- + *o.y + 

. (r_s) 

^ ^-jAi i(A* + BX' + Cx' + fe)' + ...+<&C. 

al + r(A + Bl + M' + fc) + 



'''-Y^""' (A + BX + CV + fc.y+ ... + to. 

If now we assume a = 0, this expression becomes 
AV a 3 ^ 

. f = 1 + 1 ' + T + u t "' + fc 

Which expression, being perfectly general, is true whatever 
value is assigned to r; we may therefore substitute X for r, 
whence we obtain 

i>-=l + AX + ^x' + ^lx» + ... + fc PJ 

The value of A is already known in terms of y, but as 6 = 
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1 + y, therefore y = 6 — 1, and if we substitute this value for 
y, we have 

A={(J-1)-1<}-1)' + 

|<6— iy— ip — 1/ + -to.} [s.j 

Proposition C. 
Problem. From the equation 

l x =n = l+AX + ^V + ~X J + + Ac 

to determine the value of X, in terms ofb and n. 
If, in the equation n = b x , both sides are raised to the 
power of x, it becomes n'= b x '; then expanding n' in terms 
of x, we obtain (Prop. B, [2]) 

n' = l +A,# + + Ac. 

in which (Prop. B, [3]) 

Al = {(n-1) -i (« - 1)» + I (n - l) 3 - + &c j 

Also expanding J** in terms of X x, we have (Prop. B, [S] ) 

6^=1 + AX* + ^ X 2 flf* + -^- XS * 1 + + 

If now in the equation J Jj =n', we substitute the values of 
&** and »* obtained above, it becomes 

1 +A\x + \ A^X** 1 + | A 8 X 8 tP + ... + Ac 



= 1+ A,* + g A, 1 «• + ^ A,« ar» + ... + &c. 
From, which we have, by Prop. A, 
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From each of which wo obtain 



Substituting for A, its value given above, and for A its 
value determined in Prop. B, [3], we have 

(„_i)_l(„_iy + l(»_iy_to. 

*- r w 

Scholium. Since 6 X = n, it follows, from the definition of 
a logarithm, page 4, that X is the logarithm of the number n 
to the base 6. Now as b may have any value that we please 
assigned to it, aod, as every different value of b gives a dif- 
ferent value of X, it follows that there may be any number of 
logarithms corresponding with the number n, because any 
number of values may be given to the base 6 *. 

Wo may therefore assume such a value for b as shall give 

A = { (4 - 1) -r I (S - If + \(h - 1)' - to] = 1, ta 

which case the expression [1, above] for the logarithm becomes 

l = („_!)_! („_!). + !(„_ + to [2.] 

This is the value for A actually taken by Baron Napier, 
and employed by him in his first Table of Logarithms, from 
which circumstance, logarithms calculated to this base are 
termed Napierean Logarithms. 

PnoposmoN D. 
Pboblem, In the equation 



to determine the value of b, when A is made equal to unity 

Substituting the assumed value of A, in the above expres- 
sion, it becomes 
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-x* + ... + Ac. 



Now, as this expression is trne, whatever be tie value of 
A, it is true" when X = 1, in which case it becomes 



From which expression, as it is rapidly convergent, we may 
easily determine the value of b, to any required degree of 



. Scholium. The following is the calculation for the first 
thirteen terms. 



1 + 1 




2-000,000,000 


000 


i 




-500,000,000 


000 


-5-bjS 




•166,866,660 


087 


,. 4 




•041,666,666 


667 


,. 5 




-008,333,333 


333 


,. 6 




•001,388,888 


clSO 


., 1 




•000,198,412 


698 


„ 8 




■000,024,801 


687 


,. « 




•000,002,755 


<m 


„ 10 




■000,000,275 


573 


„ 11 




■000,000,025 


052 


„ 12 




■000,000,002 


088 






2-718,281,828 


286 



In which the first nine decimals are correct. This num- 
ber is usually denoted by t, and is, as stated in the scholium 
to the preceding proposition, the base of the Napierean sys- 
tem of logarithms. 

Proposition E 

Problem. To obtain a rapidly convergent series, for cal 
dilating the logarithms of numbers. 

In the expression Prop. C, [1], if we put A for it8;equiva- 
lent value iu the denominator, we have ■ 

x =lo&» =!{(«-!)_ i(n_ 1)' + 

I (n-iy-... + &cj [i.] ;. 



This expression being true for all values of n, we may put 
1 + m = n, it then becomes 

log»(I fm) =X { m — \ m " + |» 8 — — +*o ) 

Again, if we put 1 — m = n, We have 

logifl -m) = i(-m - ^m*-^ 8 &c.) 

Then, subtracting the eecond equation from the first, wa 
obtain 

log, (1 + - log, (1 - m) = log, ii£ = 

i{"-l m " + i m " -••• + *••) 

= l( m+ J m . + >„. + ... +& .) 

Now, let 1 (- m =«, and 1 — wt = a — I, then we have 

1 + m a 
1 — m ~~ a — 1* 

From which we obtain 

m ~ 2 a — 1" 

Substituting this value of m in the above expression, we 
have 

, a 2f 1 1 
^."Tl = X isT^l + 3(2 a - If + 

S(sii7 + - + * c -} W 

a series which is rapidly converging. 
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PhOFOSITIOH F 

Psoblem. To reduce the logarithms of a system having one 
base, to those having a different base. 

We have, in Prop. E, [1], 
log,* = i{(»-l)- iy + \(n - 1)'- ... + Ac j 

In which expression the coefficient^ is constant for every 

logarithm having b for its base, its value being entirely in- 
dependent of n (Prop. B, [8]) ; and we have further shown 
(Prop. D) that, when the base of the system of logarithms is 
taken equal to 3 718281828 = i, the value of A is reduced 
to unity; in this case, therefore, we have 

log. » = (» - 1) - i (» _ 1 )' + 1 (» - 1)' - ... + *c. [1.] 

This system, therefore, having i for its base, has been called 
the natural Bystem of logarithms, because it can be expressed 
in terms of n alone, and has unity for its coefficient. 

Now, we have (Pros. B, [3]) 

A-<J_l)-i(4-l)» +1(6-1}"-. .. + Ao;, 

an expression from which, by comparison with [11 above, we 
immediately perceive that log, b = A, or that- the value of A, 

the denominator of the constant coefficient ~, for any system 
of logarithms to the base b, is equal to the Napierean loga- 
rithm of b. The constant coefficient — is called the modulus 
A 

of the system to which it belongs ; and to reduce logarithms 
having one base to those having a different one, it is only 
necessary to divide them by the modulus of their own system, 
by which they become reduced to natural, or Kapierean lo- 
garithms, and then to multiply them by the modulus of the 
system having the required base * 
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Proposition G. 

Pboblem. To find the Napierean logarithm of b, when b 
equals 10 

In the expression (Prop. E, [2]) 

a 2f 1 1 
**>T=l = A\ft7=T + 8 (2«-l)« + 

5(a«-iv + - + fa }- 

if we put a = 2, and bear in mind that, as we want the Na- 
pierean logarithm, the modulus equals unity, we obtain 

log, » . i.g. a = a {1 + jJ^ + ^ + ... + *».} 

Performing the calculation, we have 

1 = •333,883,883,333 

1.1; = ■012,845,679,012 

1.1; = -000,828,045,268 

1.1= -000,065,321,058 

f-Ji = 000,005,045,029 

1.1;= -000,000,518,184 

1.1;= -000,000,048,248 

1 . L = -000,000,004,616 

-1.1,= -000,000,000,436 

846,573,590,200 
iS 

log, 2 = 0-693,147,180,418. 
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Now, 4 = 2 ! , therefore logi 4 = 2 Io. 

1-886,294,360,836. 

Again, let us put a = 5, we have then 

i 5 « (1 1 1 1 

log. i = 2{- + _ 3+ _ + — iH 

and, performing the calculation, we have 

5 = 111,111,111,111 

•000,457,247,871 

•000,003,387,017 



1 1 
8* fl 3 
1 1_ 
6 '9 s 
1 1 



i . = -000,000,029,869 
I . ~ = -000,000,000,286 



•111,571,775,664 



- = -228,143,551,308 



Now, the log. j = log, 5 — log. 4 ; if, therefore, we add to 
log. j the log. 4, as found above, we shall have 

•223,143,551,308 
1-386,294,360,830 

1-009,437,912,144 
equal the log, 5 ; then, since log, 5 + log, 2 = log, 10, we 
have 

1-609,487,912 + -693,147,180 = 2-802,585,092, 
which is the true value of log, 10, to nine places of deci 
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Proposition H. 

Theorem. The logarithm, of any number q to the base p, 
multiplied by the logarithm of p to the base q, is always equal 
tounity; that is, log p q .log q p = 1. 

Let \og p q = I, and log,p = k; then jj' = q, and g* =p. 
If the first of these, p' = q, he raised to the power of ft, 
we have 

y-> = 

But g' =p, therefore p'-* =p> and 

/.fc = log p q . log,p, must equal unity 

Proposition I. 

Problem. To determine the value of log t i, t heing the 
baBe of the Napferean system of logarithms. 

Comparing the expression for the value of A, given in the 
Scholium to Proposition C, with the formula [ft] in the same, 
we see that A is the Napierean logarithm of ft, or i A =6; 
therefore log ( b = A. 

Now we have, from Theorem H, 

log, 6 .logj t = 1, or A . logj e = 1, 

Therefore leg. , = I = _ i312M 48 3 . 

This is therefore the value of the modulus [Prop. F] of tha 
common system of logarithms. 

Proposition K. 

Theorem. If a series of logarithms to the same base are 
in arithmetical progression, the corresponding numbers mil 
form a series in geometrical progression. 

That is, if in ft' 1 = n„ b l * = ft' 1 = « a , b 1 ' = n„ the 
valuas of the exponents of b are such that /„ l 2 , l s , l„ form 
an arithmetical progression, then will n lt «„, n 3 , n lt form a 
geometrical progression. 

For, let & he the common difference of the arithmetical 
series, then 
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^•^=h•^ + '=b•• j' 

s'.^+W-.o" 

&c. &c. Ac 
Let 4* = n j, then, substituting in the above for b*, b\ 
b\ b\ fee., their equals Jij, n a , n& &c., wq obtain 
n 2 = n, . nj 
n 3 = tt 2 . Tij 
n, = « a . k j 
Ac. Ac. * 

Op, we see that each term of the series n 2 , n 3 , &c, is 
equal to the preceding term multiplied by the constant quan- 
tity tij ; they are, therefore (Def. 9), in geometrical progres- 
sion, jij being their common ratio. 

Scholium. It should be observed that, since o 1 = n,, 2, 
the common difference of the series of logarithms, is the lo- 
garithm of « s , the common ratio of the series of numbers. 

Pkopositios L. 

Problem. To deduce an expression for the limit of the 
increment of a logarithm, produced by any given increase in 
the corresponding natural number. 

If, k the expression Prop. E [1], we put i + 1 for n, 
it becomes 

'?(i + ')-sG-A+n'-A+-*}~N 

Now log( j + 1 ) = log (L+i ) = log (5 + 1) - log 6, 
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equal the increment occasioned in the logarithm of b, by in- 
creasing its value by unity. 

In the expression — ~ + ^ — &c. j, the first term, 

i is greater than the sum of all the succeeding terms, and 

therefore 

log(i + l) =log(J + 1) - logs < 1. j... P]. 

That is, the difference between the logarithms of two num- 
bers differing by unity, is less than the modulus of the system 
divided by the leaser of those numbers. 

Scholium 1. In the common system of logarithms, the 

modulus = — has been shown [Proposition IJ to be equal to 
•434294482 ; in this case, therefore, we have 

w + 1) _ log}< ™* m . 

Scholium 2. In the case of the logarithms of several 
consecutive numbers, eaeh greater by unity than the pre- 
ceding, putting m for the modulus of the system, we hare 

log (S + 1) - log I < j 

l 0g( 6 + 2)-logC6 + l)< r ^ T 

log (i + S )-log(6 + 9)<^. 

from which we see that, as the numbers increase, the rate of 
increase of their logarithms decrease ; thus, the addition of 

unity to b increases its logarithm by ™, while the addition of 

unity to 8 + 1 increases its logarithm only ^ m | ; when, 

however, J is a large number, i and b + 1 are very nearly 
equal, and therefore the rate of increase of the logarithms 
may be considered as proportional to that of the correspond- 
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ing numbers, so long as the increment of the latter is small, - 
as compared with the number itself. 

Proposition M. 

Theorem. The sum of the logarithms of two numbers, is 
the logarithm of their product. 

Let X = log t m, and / = log 6 n, then b x = m, and b l = n 

Now. 

m.n = b k .b' = b*- + '- 

And because 

b Xj r'=m.n, 

therefore X + 1 is the logarithm of m.n, to the base 6; or, 
the sum of the logarithms of m and n is the logarithm of their 
product. 

Proposition N. 

Theorem. The logarithm of the quotient of two numbers 
is equal to the logarithm of the dividend, with the logarithm of 
the divisor subtracted from it. 

Let X and J denote the same as in the foregoing proposi- 
tion. Then 



And because 




therefore X — Z is the logarithm of —, to the base 6; or, the 

logarithm of the quotient of m divided fry n, is equal to tlie 
logarithm of m, with the logarithm of n subtracted from it. 

Proposition 0. 

Theorem. The logarithm of any power of a number, is 
equal to the logarithm of that number, multiplied by the ex- 
ponent of the power. 
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Let X — logj mi, then 
m = b x , 

wt 8 = i* .6*. 6 x = 6 ,a , 
And because 

therefore nX is the logarithm of to" to the base h; or, (Atf 
logarithm of the nth root of m, is equal to n times the loga- 
rithm of m. 

Peoposition P. 

THEOREM. The logarithm of any root of a number, is 
equal to the logarithm of that number, divided by the exponent 
of the root. 

Let X = log t to, then m = 0* ; let the square root of to = x, 
and the logarithm of #=/, then 

m = *.#=i" = 6\ 

therefore, 2 1 = X, and I =^ 

In like manner, if the cube root of m = y, and the loga- 
rithra of y=p, then 

m — y-y-y = b v = 6 X ; 

therefore, Sp = X, and p = ^ . 

And generally, if the nth root of m = z, and the loga- 
rithm of s = q, then 

to = *, . s 2 . z 3 = — b h ; 

therefore, nq = \, and q = -: 

or, tfie logarithm of the nth root of m, is equal to the loga- 
rithm ofm, divided by n 
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Proposition Q. 

Theorem. In the system of logarithms whose base is 10, 
the mantissa is the same/or the same order of figures, whether 
those figures are integers or decimals. 

If the figures composing the two numbers are in the same 
order, and only differ in the place of the decimal point, the 
two numbers may be made equal by altering the position nf 
the point in one of them, which will, in effect, be multiply- 
ing or dividing by 10, for every place that the decimal is 
moved to the right or to the left. 

The logarithm of the number which has thus been multi- 
tiplied or divided by 10, or some integral power of 10, must 
have the logarithm of that power of 10 added to or sub- 
tracted from it, in order to be still the correct logarithm of 
that number ; and it will then become equal to the logarithm 
of the other number. 

Now, the logarithm of any power, of 10 to the base 10, is 
obviously the exponent of that power, and aa the exponent is 
integral, the logarithm of every integral power of 10 must 
itself be an integer, with no decimals or mantissa. The ad- 
dition or subtraction, therefore, of the logarithm of the 
power of 10, by which the number has been multiplied or 
divided, will not affect its mantissa, which will consequently 
be the same as before its value was altered. And therefore 
the mantissa; of the two logarithms were originally the same. 

Proposition E. 

Theorem. The characteristic of the logarithm of a number 
to the base 10, is always one less than the number of integral 
figures in that number. 

Let the number consist of only one integer; then its value 
must be less than 10 ; now the logarithm of 10 is 1-, there- 
fore the logarithm of the number must be less than that-of 
10, and therefore its characteristic must be 0 (followed by 
some decimal), and in this caso is one less than the number 
of integers in the number. 

Then, let the number be successively multiplied by 10, 
.and at the same timo let the logarithm of 10, or 1, be suc- 
cessively added to the characteristic of its logarithm. 

Now each multiplication by 10, will add an integer to the 
number, at the same time that it will add 1 to the character- 
istic of its logarithm, and therefore as originally the character- 
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istic was 1 less than the number of integers, so it will always 
continue, however great the number of integers may be. 

Proposition S. 

Theorem. In the logarithm (to the base 10} of a number 
has than unity, the characteristic is negative, but the mantissa 
is positive; and the value of tJie characteristic is one greater 
than the number of cyphers between the decimal point and the 
first significant figure, the number being decimally expressed. 

Let the number be multiplied by such a power of 10, as 
will make it have only one integral figure, and let that power 
be the »th ; then the logarithm will have been increased by 
n, and it will now have 0 for a characteristic (Prop. R), fol- 
lowed by a mantissa; both- being positive. lStt m equal the 
y»ltie of the mantissa, now this must have been also its 
original value (Prop. Q) ; therefore, since the logarithm 
now equals m, and n has been added to it, its original value 
must have been m—n; that is, it must have had a positive 
mantissa equal torn, and a negative characteristic equal ton 

Now the number of times (or n) that a decimal fraction 
must be multiplied by 10, to make only its first significant 
figure an integer, must be one greater than the number of 
cyphers which originally stood between that significant figure 
and the decimal point 

Therefore the negative characteristic of the logarithm of 
a decimal fraction, is one greater than the number of cyphers 
between the first significant figure and the decimal point 



CHAPTER V. 

Description of Logarithmic Tables. 

Before proceeding to give rules for performing the various 
processes of Logarithmic Arithmetic, it will be advantageous 
to describe generally, a few of the most useful Tables of 
Logarithms, so as to render the student'familiar with their 
use, before he is actually required to employ them. 

The object of Mathematical Tables is to present in a 
concise form, and one easily referred to, two or more series of 
numbers mutually dependent upon each other. So that any 
number in one aeries being given, the corresponding number 



82 



EUDIMENTABT TEEAT1SE 



in either of the other series may be immediately found, on 
inspection of the tables. The number given is termed the 
argument of the tables, and the number sought the resultant. 
Thus in the table a specimen of which is given at page 33, 
the numbers in the left-hand margin and at the head of the 
table are the argument, by which we are directed where to 
find the logarithms of those numbers, which logarithms are the 
resultants. When we thus seek in any column of a table for 
the argument by which to find some other number, we are 
said to enter that column with the argument For example, 
if we are looking in the table at page 33 for the logarithm of 
2505, we enter the column of numbers (distinguished by N 
at the top) with the argument 2565, and on the same line in 
the contiguous column we find the resultant 4090874, which 
is the logarithm required. 

Tables of the Logarithms of Numbers exist under a great 
variety of forms, and are calculated to a greater or less num 
ber of decimal places, according to the purposes to which they 
are intended to be applied. For Astronomical and Trigono 
metrical calculations, where considerable accuracy is required, 
tables are used in which the logarithms are carried to seven 
places of decimals ; for ordinary purposes tables of six places 
will be found ample ; and even in many cases five places will 
be sufficient. We shall describe some of the best and most 
generally employed tables, to seven, six, and five places. 

The best tables of the Logarithms of Numbers to seven 
places, are those by Babbage, although for general use we 
should recommend Hutton's, which contain logarithmic sines, 
tangents, &c, to the same number of places, also the natural* 
sines and tangents, and a great variety of other tables which 
will be found of frequent use. We have given on the oppo- 
site page as a specimen of these tables, a portion of one 
page of the same. 
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The natural numbers' which form the arguments of the table 
extend from 10000 to 107900, the resultants, or logarithms 
answering to them, from 4-0000000 to 0 0334.1073, the former 
being given to 5 and 6 places, while tho latter extend to 7 and 
8 places. In the extreme left-band column beaded N, which 
13 the column of arguments, only the first four figures of the 
natural numbers are given, the last figare must be sought for 
along the top of the table, in the line of figures immediately 
under the words "Logarithm of Numbers;" and the result- 
ant, or the logarithm itself, will be found at the intersection 
of the two lines in which the two portions of the argument 
were found ; that is, on the same line with the first four 
figures, and in tie same column as the last figure. We ob- 
serve, however, upon looking at the tabje, that while the first 
column of resultants (having 0 at the top) contains 7 figures, 
the other nine columns contain only 4. The explanation of 
this is as follows, the four figures given in these columns are 
only the four final figures of the logarithm, that is the 4th, 
5th, 6th, and 7 th, decimals, the first three figures, or the 1st, 
2nd, and 3rd, decimals, are the same as those of the loga- 
rithms in the first column of resultants, and being the same 
it ia considered unnecessary to repeat them, as they may be 
as easily supplied from the first column, and considerable 
saving of space, is effected by their omission. It is in order 
to allow of this saving of space, by the omission of the similar 
figures, that the peculiar arrangement of the tables, by which 
a portion of the argument is found in the side column and a 
portion at the head of the table, has been adopted. It is not, 
however, always the case, that the initial figures found in the 
first column are the correct initial figures for all the other 
logarithms in the same line, because as the logarithms suc- 
cessively increase, after a certain interval, the last of the 
initial figures or the 3rd decimal becomes altered in value, 
and this alteration is equally likely to occur iu any one of the 
columns. An example of this occurs at the third line of the 
table, in which the initial figures 400 apply, as far as the 
column* headed' with 7, they here, however, change, and in the 
next column become 407, and so continue until the ninth line, 
in which they change to»408 in the column headed with 6. 
Various methods have been adopted for directing attention to 
this change in the initial figures; in Hutton's tables it is 
shown by a line being drawn over the first figure of each of 
the logarithms to which tho altered initial figures are to be 
applied, and in some other tables, as iu Babbage's, it is 
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shown by the first cypher being put in smaller type, as 
| 0I68 I 0 338 I . 

It has been shown, in the conclusion of the previous chap- 
ter (Scholium 2, Prop. L), that with small increments in the 
natural nupibers, the logarithms corresponding with them in- 
crease in arithmetical progression, so that the difference be- 
tween the successive logarithms remains constant for several 
logarithms in succession. Whenever the value of the difference 
changes, it is inserted in a column headed D, on the right of 
the table on the line in which the change occurs. Thus the 
nuoiber 170 is inserted in tho column D, on the fifth line, and 
indicates that the difference between two successive logarithms 
has changed from 171 to 170 in the lino in which it stands 
The differences change much more rapidly at the commence 
ment of the table than near its conclusion. The difference 
given in this column is that due to an increment of one unit, 
in the 5th figure of the natural number, thus 
Log of 25584 = 4-4079684 
„ 25585 =4-4079854 



and as for any increment less than this, we may consider the 
logarithms to vary in arithmetical progression, to ascertain 
the logarithm of any number between those given above, the 
increment of the logarithm to be added to 4-4079684 will 
bear the same proportion to 170, that the increment of the 
natural number does to 1 ; for example, let .it be required to- 
find the logarithm of 25584-6, here the increment of the num- 
ber being -6, we form the proportion 1-0 : '6 : : 170 : 102, by 
which we rind that 102 is the corresponding increment of the 
logarithm, which being added to 4-4079084 gives 4-4079786 
for the logarithm of 25584-6. Again, if the increment of the 
natural number had been -06, the corresponding increment of 
the logarithm would have been 102. 

If now we divide the whole difference 170 by 10, we obtain 
17, the difference corresponding with an increase of one unit 
in the sixth figure of the natural number, the double of this 
or 34 for two .units, the treble or 51 for three units, and so 
on ; and each of the numbers so obtained will be the incre- 
ment of the logarithm corresponding with an increase of that 
number of units in the sixth figure of the natural number 
The increment thus obtained, for each of the nine units, is 
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inserted in an adjoining column (headed "Pro.," an abbrevia- 
tion of Proportional Parts). * 

The numbers contained in these little tables are, as already 
explained, the increments of the logarithm for an increase in 
the sixth figure of the natural numbers, they express, how- 
ever, the increments for the units in the seventh place of the 
natural number when divided by 10, or for the eighth when 
divided by 100. Thus, suppose the logarithm of 25608587 
were required, we derive at once from the table the logarithm 
of the first five figures, to which we add the proper increment 
for each additional figure, derived from the little table in the 
right-hand column. Thus — 

Log of . 25608000 is 7-4083757 
Increment for 500 ,, 85 

80 „ 13-6 
7 „ M9 



Therefore the log of 25603587 „ 7-4083857 



These little tables of proportional parts are of equal service 
in finding the natural numbers corresponding with any given 
logarithm. Thus, if the logarithm given were 4-4074327, on 
looking in the table we see that the next less logarithm is 
4-4074249, which corresponds with the natural number 
25552 ; then subtracting the logarithm taken from the table, 
from the given logarithm, we obtain the difference, 78 ; look- 
ing in the second column of the table of Proportional Parts, 
we find against the next less difference, 68, the number 4, 
which is the sixth figure of the number required ; we have 
Still 10 left, to which adding a nought we obtain 100, and the 
nearest number in the table being 1 02, against which we find 
6, that is the seventh figure required. The number answer- 
ing to the logarithm 4"4074240 is therefore 25552-46. 

In these and all the best tables of logarithms, the charac- 
teristic is omitted, the tables containing only the mantissa of 
the logarithm. The characteristic must be added in accord- 
ance with the rule given at page 11. 

We next pass on to describe tables of logarithms to six 
decimal places. As a specimen, we have given a page from 
the " Mathematical Tables," forming one of the same series 
as the present work. 
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This table contains the logarithms of every number leas 
than 10,000 to sir places of decimals, and in their general 
form and arrangement are very similar to those just described. 
The natural numbers which form the argument of the table 
are given, to four places, the first three being found in the 
left-hand column, and the fourth at the head of the table ; 
the first three figures are also repeated in the last column, 
to facilitate the use of the tables. In the first column of re* 
sultants the whole six figures of the logarithm are given, hut 
in the succeeding columns only the last four, the two initial 
figures being supplied from the first column. In these tables, 
a horizontal Hue is introduced to separate the logarithms 
which have different initial figures, the line being made to 
break, or step up, when the change in the initial figures oc 
curs other than at the commencement of a line. Thus in the 
middle of the sixth line the initial figures change from 38 to 
39, and this is indicated by the line thus 9675 | 005], the 
former of these being 389875, and the latter 390051. 

In these tables also the proportional parts are somewhat 
differently arranged. In Hutton's and other logarithmic 
tables, the line in which the difference changes its value is 
shown, hut each line contains ten logarithms, and there is 
nothing to indicate between which of these logarithms tho 
change occurs ; in the tables now being described, the number 
corresponding with the logarithm at which the change takes 
place is given in the left-hand column, and on the same line 
will be found the proportional parts for each unit constituting 
the fifth figure of the natural number. Thu3, let the loga- 
rithm of 246057 be required; here we obtain the logarithm 
of the first four figures at once from the body of the table, for 
the increment to be added for the other two figures we look 
in the table of proportional parts, and on the same line with 
the first four figures of the given number, and in the same 
column as the fifth figure of the same, we find the propor- 
tional part to he added for that figure, and on the Bame line 
and in the same column as the sixth figure, we find the pro- 
portional part, which, Itaving first been divided by ten, must bo 
added for that figure. Thus — 

The log of . 246000 is 5-890935 
Increment for 50 „ 88 

7 „ 12 32 

Therefore the log of 246057 ,,5-391035 
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If trie first four figures of the number are not exactly found 
iu the first column of proportional parts, no must take the 
nest less number. Thus, had the given number, whose 
logarithm was required, been 254371, we must have looked 
for the proportional part for the last two figures iu the line 
having 2532 in the left-hand column, those being the nest 
less numbers to 2543. 

To find a number from its logarithm, the application of 
this table is very simple. We must take the next less loga- 
rithm in the upper part of the table, and the four first figures 
of the correspondiug number will be obtained; we must 
then take the difference between the given logarithm and 
that found in the table, and, looking in the table of propor- 
tional parts, on the same line with the first four figures just 
found (or the nest less to them), for the nest less number to 
this difference, the figure at the head of the column in which 
it is found will be the fifth figure of the required number. 
Then, if the difference found in the table be taken from the 
difference sought for, and a nought be added, the number at 
the head of the column in which this secoud difference may he 
found (on the same line as before), will be the sixth figure of 
the required number. Thus, what is the natural number 
whose logarithm is 3 416369? 
The given logarithm . = S-41C369 
Next less logarithm . = 3-416308 = the log of 2608- 
61 = 1st diff. 

Next less diff. in table . . = 49-8 = "3 

1 1 2 = 2nd diff. 
•Nearest diff. in table . . . =116= -07 

Therefore the number required is 2608-37 

Again, what is the natural number whose logarithm is 
5-894564? 

The given logarithm = 6-394564 
Next less logarithm . = 5-394452 = log of 248000 
112 = 1st diff. 
Next less diff. in table . = 105 = 60 

70 = 2nd diff. = i 

Therefore the required number is 248061 
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The next table of logarithms which we shall describe are 
those reprinted, under the superintendence of the Society for 
the Diffusion of Useful Knowledge, from the tables of Lalande, 
published in France. A specimen of these tables is given 
below. 
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They are only carried to fiva decimal places, and their 
arrangement is quite different from that of the tables already 
described. They contain the logarithms of every consecutive 
number from 1 to J 0,000, tho arguments and resultants 
being placed in parallel columns, and the differences between 
the logarithms being given in a third column on the right 
band. In these tables no proportional parts of the differ- 
ences are given for the several units in the fifth place of the 
natural number, but they have to bo found by proportion in 
the manner explained at page 35. 

Thus, suppose the logarithm of 39604 were required : we 
immediately find, from the table, the logarithm of 39000 to 
be 4 , 50868, but we know this to bo too small, and we want 
the proportional part of the whole difference, It, to be added 
for the four units in the fifth place of the natural number. 
Now, the difference, 11, corresponds with an increase of ten 
units in the fifth figure of the number, therefore, as 10 : 11 
: : 4 : 4'4, which is the proportional part required. The 
rule, therefore, for finding the proportional parts is as fol- 
fows : — Multiply the difference given in the third column by 
all the figures of the natural number, except the first four, 
and point off as many decimals iu the product as there were 
figures in the multiplier, the integral portion will be the 
proportional part to" be added to the logarithm. In the ex- 
ample above we have 11 x -4 = 4 4, the integer of which 
being added to 4-59868, gives 4-59872 for the logarithm of 
89694. 

Again, what is the logarithm of 403567 ? The logarithm 
of 403500 is 5-60584, and the difference, 11, being multi- 
plied by 67, is 737, from which pointing off two decimals, 
leaves the integer 7 to be added ; therefore, the logarithm of 
403567 is 5-60691. 

To find a number answering to a logarithm, from these 
tables, proceed as follows Look for the next less logarithm, 
and the number answering to it will be the first four figures 
of the number required. Then take the difference between 
this logarithm and the one given ; to this difference add as 
many cyphers as additional figures are required, and divide 
by the difference given in the third column of the table, 
the quotient will he the figures to be added to the first 
four already derived from the tables; the position of the 
decimal point will be determined by the value of the cha- 
racteristic." 
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For example, what is the number answering to tho lc 
garithm 3-60428? 

Logarithm given . . = 3-60428 

Next lesa logarithm . = 8-60423 = 4020 

50 -f- 10 = -5 

4020-5 

Therefore 4020*5 is the number whose logarithm is 
S-60428. 

Again, what ia the number answering to the logarithm 
4-60719? 

Logarithm given . = 4-60719 

Next less logarithm . = 4-60713 = 40470 

600 -r 11 = 5-4 

40475-4 

Therefore 40475-4 is the number whose logarithm is 
4-60719. 

Having described some of the priucipal tables, and ex- 
plained the method of using them, it will be desirable to 
show how many figures may be relied" upon as accurate, in 
the results obtained by tables of five, six, and seven decimal 
places. 

Let us have the logarithm 3-17284 given to five places of 
decimals: now tho real value of this logarithm, if expressed 
to a greater number of places, might, for aught that can be 
known, be anything between 3-172835 and 3-172845, and 
might therefore diner from the logarithm given by very 
nearly -000005 ; which then is the extreme limit of' the 
difference which tables to five places will show; any differ- 
ence less than this, might occur without any change in the 
value of the logarithm, as given in the table. 

It has been shown in Prop. L [3], page 27, that the dif- 
ference between the logarithms of two numbers, which differ 
only by unity, is less than the modulus of the system divided 
by the lessor number, or, in the case of common logarithms, 
than -434294482 divided by the lesser number. " Now, the 
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difference between the true logarithm and that given to five 
places may, as we have shewn above, be nearly equal to 
-000005, which u therefore less than -4342945 divided by 

the number, or the number is less than = 86858*9. 

■000005 

That is to say, that unless the number, whose logarithm is 
given, is less than 86859, its value cannot be determined 
with certainty beyond four figures; but that if less than 
86859, the first five figures derived from the table will he 
true. 

In a similar way it may be shown that, when working with 
tables of logarithms to sis decimal places, the first six figures 
of the result may be depended upon if less than 868589, but 
if greater, only the first five figures must be kept. And in 
the case of logarithms to seven decimal places, if the result 
is less than 8685890, seven places will be accurate, but if 
greater, only six. Generally, in any tables of logarithms, the 
result obtained may be considered accurate to as many figures 
as there are decimal places in the logarithms, provided the 
mantissa of the logarithm is less than -9388, but if greater, 
then the result will only be accurate to one less number of 
figures than the decimals in the logarithm. 



CHAPTER VI. 

Logarithmic Arithmetic. 

We nest proceed to the application of logarithms to the 
ordinary processes of arithmetic, and to illustrate and explain 
their general use for the purposes of calculation. The 
references following the rules show the proposition in Chapter 
IV., in Which the rule is demonstrated. 

To find the Arithmetical Compi^ement of a Logarithm. 

By the arithmetical complement of a logarithm is meant 
the remainder left by the subtraction of the logarithm from 
10. Thus the arithmetical complement of 3'211735 is 
10-000000 — 3 241735 = 6-758265 Its great use is in 
division, as will be presently shown ; for if, instead of sub- 
tracting a logarithm, we add its complement, and subtract 10. 
we obtain the same result. To find the arithmetical comple- 
ment employ the following rule 
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Rule. — Subtract the first right-hand significant figure from 
10, and all the others {including the characteristic when posi- 
tive) from 0; when the characteristic is negative, it must be 
added to 9. 

The arithmetical complement of 5-631641 is +-368358 
„ „ 3-170630 „ 7-8*9370 

„ „ 1117034,, 10782966 

n ,■ 3-173680 „ 12-826320 

11 n 3 607218 „ 6-392782 

„ „ 0714000 „ 9 286000 

Multiplication. 
Role. — To multiply two or more numbers together, add 
their logarithms, the sum will be the logarithm of their 
product (Prop. M). 

Examples. 
Multiply 563 1 by 42. 
Logarithm of 5631 = 3750586 
„ 42 = 1-623249 

5-373BJS 

5-373831 =Iogofs365oo 1 

4°= * 

Answer = 236502 

Multiply 52, 734, and 6 together, 
of 51 = 1716003 
734 = 2-865696 
6 = 0-778151 



Answer = 219008 



Multiply 61, 22, and 65 together. 
Logarithm of 61 = 1785330 



4-940666 = log of 87230. 
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• Division. 

Role.— To divide one number by another, subtract the loga- 
rithm of the divisor from the logarithm of the dividend, and 
the remainder will be the logarithm of tlie quotient (Prop. N). 

EXAMPLES. 

Divide 1 1 64 by 4. ^ 
Logarithm of 11 64 ■= 3'° 6 59S3 

1-463893 <= log of 191. 

Divide 11 6908 by 5314. 
Logarithm of 116900 = 5-067815 
Prop, part for 8 = 19-68 ' 



I -3414*3 - log of «• 

Instead of subtracting the logarithm of the divisor we may 
add its arithmetical complement, the result, with 10 sub- 
tracted from the characteristic, will as before be the logarithm 
of the quotient. Thus, in the example above, the arithmeti- 
cal complement of 3-725422, the logarithm of the divisor, is 
6-274578, which added to 5 067845, gives 1-842423, the same 
answer as before. This method will be found very convenient 
where it is desired to divide one number by several others ; 
we have, in such a case, only to add to the logarithm of the 
dividend, the arithmetical complement of the logarithms of 
the several divisors, and subtract from the characteristic as 
many tens as there were divisors, the result will be the loga- 
rithm of the quotient. 

Divide 579416 by 4, 23, and 47. 

Logarithm of . . , 579400 = 5-761978 » 

Proportional part for 10 = 7-5 
» » 6 - 4-5 

Logarithm of . . . 579416 = 5-762990 
Arith. comp. of log of 4 = 9-397940 

„ „ 13 = 8-63837* 

» ™ 47 - 8-31790* 



1-117104 = log of 134. 
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Proportion, or thr Rule of Three. • 
Questions in proportion, or the rule of three, may be re- 
solved with great facility with the aid of logarithms. 

Rule. — Add together the logarithms of the two middle terms, 
and from their sum subtract the logarithm of the first term, 
the remainder will be the- logarithm of the fourth term, or 
quantity required. Or, instead of subtracting the logarithm of 
the first term, add its arithmetical complement and subtract 
10 from the characteristic. 



If 14 meii, in 47 days, eicarate 5631 cuhie yards, what length of ti 
will it take them to excavate 47280 cubic yard*! 

Or, a* 5631 =47 :: 47480 :1 
of . . . 47180 - 4"674677 
... 47 - 1-671098 



1-596189 = Iogof 394-616 

By the second method : — 
. . . 47*80-4-674677 
„ ... 47 = 1-671098 
Arith. wmp. of log of 5631=6149414 

1-596189 as before. 

If an engine of 67 horse*' power can raise from a reservoir 57,600 enbic 
foet of water in a given time, what horses' power will be required to raiso 
8i575<°°° cubic feet in the same time J 

Or, as 57,600 : 67 :: 8,575,000 : 1 
Logarithm of . . . 8,575,000 = 6-933134 
„ ... 67 = 1-816075 



Logarithm of . 



3-998887 = log of 9974-4 



Logarithm of . . . 8,575,000 - 6-933134 
„ ... 67^1-826075 
Arith. corny, of log of 57,600 - 5-239578 
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Involution and Evolution. 

Involution is the process of raising a number to any power 
of itself, and evolution is the extraction of any root of a 
number ; both these processes are very readily performed by 
means of logarithms. 

Rule I. — To raise a number to any power desired, multiply 
the logarithm of the number by the exponent of that power, and 
the product will be the logarithm of the power required. 

Eule II. — To extract any root of a number, divide the 
logarithm of that number by the exponent of the root, and the 
quotient viUl be the logarithm of the root required. 

Examples. 

What is the square of 745, the cube of 67, and the 7th power of 8 1 
Logarithm of 745 » 1871156 

574+311= log of 555015. 

logarithm of 67 — 1-816075 
3 

5- 478115 = log of 100763. 

Logarithm of 8 = □■903090 
7 

6- 311630 = log of 2097151 



What is the square root of 4115, the cube root of 6859, and the 6th root 
01 1 17649 1 

Log of 4115 - 3-615817 1-811913 = log of 65, • 

Log of 6859 — 3'83 6a61 = 1-178754 = log of 19. 
Logof 117649 - 5-070588 6 = 0-845098 - log of 7. 

When the number to be involved to any power, or whose 
root is to be extracted, is a fraction, its characteristic will be 
negative; in this case, in multiplying the logarithm by any 
number, it must be borne in mind that the mantissa is posi- 
tive, and therefore that any figures carried from the multipli- 
cation of the eame.-must be deducted from the characteristic, 
instead of being added to it. 
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Example. 

What is the sqnare of '25, the cnhe of -058, and the 5th power of '9784! 
Logarithm of -15 — T-397940 

2-795880 = log of -0615. 

Logarithm of -058 = £-763498 
3 

4-290184 = log of -00019511a. 

Logarithm of -9784 — 1-990516 
5 

1-952580 « log of -89656. 

In dividing a logarithm with a negative characteristic by 
any number, if the characteristic is a multiple of that number, 
or is divisible by it, proceed to divide in the usual manner, 
remembering, however, that the new characteristic will be 
negative. Should the characteristic not be divisible by the 
number by which it is required to divide the logarithm, 
separate the mantissa from die characteristic, and add to each 
such a number as will make the characteristic divisible, tiien 
divide each of the sums by the number, and the quotient wilt 
be the characteristic and mantissa respectively of the loga- 
rithm required. The equal numbers added to the character- 
istic and mantissa, must of course be considered negative in 
the first case and positive in the other. 

Examples. 

What is the square root of -209 
Logarithm of -209 = 7-320146 
Addug — 1 to the characteristic we Lave 2 -4- 2 = 1, the new character- 
istic, Sid adding 1 to the mantissa we have 1-320146 2 = ■ 660073 & r 
the new mantissa, therefore 1-320146 J-i = 1-660073 = 1°8 of '457' 6 ™ 
{he square root of -209. 

What is the cube root of -0001951 12 1 
Logarithm of -000195112 = 4-290284. 
4 + 2=6 -i- 3 = 2 for the characteristic, and -290284 + 2 = 2-490284 
'-T- 3 ■= 7634^8 for the mantissa. Therefore, 4 290284 -7- 3 — 1-763428 
— log of -058. 

The four operations just described, namely, Multiplication, 
Division, Involution, and Evolution, comprise actually the 
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whole of the processes in the performance of which logarithms 
are employed, and when the student is conversant with these, 
ho will be able to apply logarithms in a variety of cases in 
which their use will be attended with the saving of immense 
labour. 

As an exercise in the preceding rules, and more especially 
in their practical application, we shall give a variety of useful 
formal ec, logarithmically expressed, and illustrate their use 
by examples ; at the same time, that they may not be merely 
exercises, but may prove useful for reference, we shall arrange 
and classify them under their proper heads. In the following 
formulas the letter X will be used to denote "logarithm of;" 
thus, X a, will mean the logarithm of a, or the quantity for 
which a stands ; and 2 X (x : + y) means twice the logarithm 
of the quantity inclosed within the parenthesis, or y added to 
the square of as. All the lineal dimensions are given in feet, 
all the superficial dimensions in square feet, all the solid dimen 
sions in cube feet, and all the weights or pressures in avoirdu- 
pois pounds, unless where it is otherwise expressly stated. 
Interest. 



Simph IkUkuL — [i.l Acid to- 
gether the logarithms of the prin- 
cipal, the rate, and the time, and 
from the sum subtract 2 ; the re- 
mainder will be the logarithm of 



Compound IntereiL — [2.] Find 
the amount of £1 at the given 
rata of interest for the first term ; 
this is called the ratio, and the 
logarithm of the ratio for such 
rates of interest as are likely to 
be used are given in the annexed 
table. Multiply the logarithm of 
the ratio by the time, anj add to 
the product the logarithm of the 
principal; the sum is the logarithm 
of the amount. 





Logarithm 




Logarithm 


II 


rutin. 


£ S 








Si 


■0132525 


ii 


■0053950 




■0242804 


■i 


■0064.660 


6 


■0153059 


■007 s 344 


!. 


■0163289 




■0086001 




■0273496 
■o ; S 3 6 7 9 


l\ 


■0096633 


»i 




■0107139 


7 


0193838 


*i 


■0117818 


7l 


■0303973 


3 


•0128372 


-i 


■0314085 






ii 


■0324173 


1 


■0149403 


S 


■0334138 


■01 5988 1 
■0170333 


'* 

st 


■0344279 
■0354297 


a 


■0180761 


Si 


0364293 




•0191163 




■0374265 




■0201540 


h 


■0384214 




■qui 893 




■0394141 


U 


■01 2 222 i 


n 


■0404045 



Mensuration. 

Triangle.— Let a, b, and c be the three sides, d = } (o + b + c), and * 
equal the area; then 

[3-1 * A = J {A d + X (<I- a) + X (J-S) + Xld-c)}, 
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Square.— [4.] The logarithm of the area equals twice the logarithm of one 
of ths sides. 

Rectangle. — [5.] The logarithm of the area equals the logarithm of the 
length added to the logarithm of the height 

Polygon. — Let I equal the length of one of the sides, n equal the number v 
of sides, and A equal the area ; then 

[«.]• A 4 - -397,4 + >» I + » . + » on - •■ 

Circle. — Let d equal the diameter, e equal the circumference, and a eqnal 
the area; then 

[7.] A<i=. -50285 + — 1 = -60106 + Xa->.c -'053455 + J** 
[8.] Xc = -49715 + * & ™ '60206 + X a — X<i = -550605 + i X a. 
[9.] Xo = -89509 + =-90079 + ex c — a = -39794. + Xd + 

Circular am. — Let r equal the radius, m equal the measure of the arc in 
degrees, and I its length j then 

[10.] X I - 141S776 + Ar+X»_». 
Circular lectori. — Let d equal the diameter, and a equal the area, the 
other letters as in [to]; then 

[.1.] X 0 = -69g 97 + xr + X(-i = -338456 + 1 Xd + xm - 3. 
Parabola. — Let a, and z, be two abwisssB, y, and y, the corresponding 
ordinate*, and a equal the area ; then 

[12.] X a = -823909 + X « a + X (*y,) - I. 
['3-] *y> - 1 i*y, - X *,). 

Ellipie. — Let i equal the transverse, and c the conjugate diameters, y 
equal any ordinate, and x„ x v the corresponding abscissa ; also let a equal 
the area, and p equal the periphery ; then 

[14.] Xa — -89509 + Xc + XI — 1, 
[15.] xj» -19611s + X{t + C). 

[.6.] Ay-Xc + iXar. + iA*,-*'- 
Formula; [16] applies also in the case of the Hyperbola. 
Parallclopipedon, prism, or cylinder.— [17.] The logarithm of the cubic 
contents equals the logarithm of the area of tho base added to the logarithm 
of its perpendicular height. 

Pyramid or Cone.— Let a equal the area of the base, h its r*rpendicnlar 
height, and s its solidity ; then ^ 

[18.] X. * -813909 +X« + ** — 1. 
Sphere.— Let d equal the diameter, c equal the circumference, 1 equal the 
solidity, and r the surface ; then 

[19.] Xr-Xd + Xc- -696487 + 1X0!- -502837 + iXe- I, 
[ia] Xi - -719 + 3X1*- 1 - -117372 + 3 Xc- 1, 

* The logarithmic tan mnst here be taken to a radius equal unity, there- 
fore 10 must be subtracted tram the characteristic given in the tables. 
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Regular Bodies — Let ( equal the length of any linear edge, s equal the 
solidity, r equal the surface, and a and b, numbers obtained from the annexed 
table ; then 

[ai.] \r = «XI+ a. 

[21.] X, - iXl+b. 









b 


4 


Tetraedron . . . 


0-2385607 


I07 1 3436 


6 


Heiaedron . . . 


07781513 


O'OOOOOCO 


8 


Octaedron . . . 


0-5395906 


1-6730624 




Dodecaodron . . 


1-314! 3* 


o- 8 844056 




Icosaedron . . . 




0-3387940 



Trigosometet. 

Plane Triangles.— [23.] Given two sides of a triangle and an angle 
oppotUe to one of them, lofind tie angle opposite to the other one. Rule : — 
To the logarithmic sine of the given angle add the arithmetical complement 
of the logarithm of the opposite side, and the logarithm of the other given 
aide; the sum with 10 subtracted from it will be the logarithmic sine of the 
angle required. 

[24.] Given two angles and a tide opposite to one of them, to find the tide 
opposite Co the other one. Rdls : — To the logarithm of the given side, add 
the arithmetical complement of the logarithmic sine of its opposite angle, and 
the logarithmic sine of the other angle; the sum with 10 subtracted will be 
the logarithm of the side required. 

{25.] When hm tides and t/ie included angle are given, to find the third 
side. Bow : — To the logarithm of the difference of the given sides add the 
arithmetical complement of the logarithm of their sum, and the logarithmic 
tangent of half the sum of the angles opposite the given 6ides, and the sum 
with 10 subtracted will be the li'gfiri'hiiiic tangent of half the difference of 
those angles. Then to the arithmetical complement of the logarithmic Cosine 
of half the said difference, add the logarithmic cosine of half the Bum of the 
same angles, and the logarithm of the sum of the given sides ; the sum with 
10 subtracted will be the logarithm of the third side required. 

[16.] When the three tides are given, to find the angles. Ruts;— To the 
arithmetical complement of the logarithm of the longest side, add the loga- 
rithm of the sum of the other two sides, and the logarithm of the difference 
of those sides; the sum with 10 subtracted from it is the logarithm of the 
difference of the segments of the base or longest side. Then half this differ- 
ence added to half the base will equal the longer segment, and dedncte-a 
from it will equal the shorter one. 



Digitized by Google 



S3 KTJDIMENTABY TREATISE 

Hight-angkd triangles.— Let A equal the- hypotenuse, 6 equal the base, 
and p equal the perpendicular ; then 

[s8.] 15 = i A (A« -;>•) = I A (A + y) + J A (ft - p). 
[ao.] A j, = 1 a (A» - 6') = 4 A (A + 6) + 1 * (A - J). 

Mechanics. 

Vis vivS. — Let is equal the weight of a body, v its velocity in feet per 
second, and V its vis viva ; then 

[30.] 17= 1-507732 + A w + 2 An. 
Action of gravity. — Let s equal the space passed over in t seconds, and t 
the velocity as above; then 

[31.] A/--69797 = Ai + A»- 1 -4-*os70a + a*,( — 1 
= -190238+ 2A»— 2. 
[31.] 1» = 1-507732.^1- Ai- -30103 + A»-Af = -904881 + 1 A*. 
[33.] A ( - -492268 + A * - 2 = -30203 + A * — A* 
= -306649 + JA1- 1. 
Pendidumt. — Let ( equal the time in seconds of one vibration in a very 
small circular are, and ( the length ; then 

[3+] A( = -2 5 i"oi6+1a;. 
Central forces. — Let w equal the weight of a body moving in a circle 
whose radius is r, with a velocity of v feet per aecund, and let/ equal the 
centrifugal force; then 

[35-] */- -491*68 + *A»+Aw-Ar-i. 
Archa. — Let R equal radius of curvature at crnwn, i eqnal breadth of arch, 
w equal vertical weight on every square foot of the key-stone, including its 
own weight, and p equal the thrust or horizontal pressure on the key-stone; 

[36.] AP = AB + A6+ AW. 
Also let d equal horizontal distance of center of gravity of half the arch 
from its springing, r equal the rise of the arch, and w equal the weight of 
half the arch; then 

[37.] AP = AW + Aii — Ar. 
Retaining walls. — Let A equal height of wall, p equal pressure against 
wall, acting horizontally at one -third of the height of the wall above its base, 
and b a number obtained from the annexed (able ; then 



[]!.] l>-.»i + l. 



Material supported by vrslL 


6 


Common earth, perfectly dry and pulverulent . . . 
The same, slightly moistened, or in its natural state . 


1-494850 
1-194958 
1-111867 
•945222 
■747800 
■793301 
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Rttistanct of air. — Let a equal (he area of h thin surface moving through 
water with a velocity equal o feet pec second, and b eaual the resistance; 
then 

[39.] >. a - '130449 +»i»+Xo-», 
Resistance n/vxiUr. — The notation being the hum; then 
[+0.] XK--98945 + *».»+».a-i. 



Hydraulics 

Discharge through pipes — Let d equal diameter in inches, q equal quan- 
tity of water discharged in cnbic feet per minute, I equal the length of the 
pipe, and A equal the head; then 

xd = i{*>-a + -6sts + + 4i<*) -*»-*}• 
[4*0 AQ.-i{i-34iS5 + *A+5*<*-*('+4-*<f)}. 
[43.] U- 1-3485 + >. A +S «• 
[44-] AA=-6 S is + »*« + ».(i + 4-*o!) - 5 

Discharge through canals. — Let a equal sectional area of canal, p equal 
the wetted perimeter, I equal length, h equal corresponding fall, and v equal 
the velocity in feet per second; then 

[4S.]Ati= 1-^6114.1 + i{xa + >.h— \p — 
Discharge oter wart. — Let d equal the depth of water flowing over the 
weir, J equal its breadth, and <j equal the cubic feet discharged in a second ; 
then * 

[46.] aqo, ■ 5 ,iSS 3 + i .b + l > .a. 



Strength of Materials. 

Tensile strength. — Let a equal area in square inches, w equal weight pro- 
ducing fracture, and a equal number in column 1 of annexed table ; then 
[47.] *W- Aa + A. 

Strength to resist Crushing. — Let a equal the area in square inches, W the 
weight producing fracture, and b numbers in column 3 of annexed table ; 
then when the height of piece is between onea and 4} times its diameter, 

[4S.] »W = U + B. 

Strength 0/ Columns*. — Let w equal the breaking weight in tons, d 
equal external, and d internal diameter, both in inches, I equal the length, 
and 0 equal number in column 4. of annexed table ; then when the column 
is lolid, with both ends rounded, and its length not less than 1 5 times it* 
diameter, 

^49.] »w = j'SU - rjM + o. 
* Professor Hodghiuson's Formula. 
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When the column ia holloa; then 

[50.] JLT-*P"-*^-i71I - "059*43 + 0. 
When the column is solid both ends ate fiat, and the length ia not less 
than jo times the diameter ; then 

[51.] xw = rim - -47>8 + 3-r c. 

When the column is holloa; then 

[ S i.] *w = », -17*. ' + '47 J<"7 + «- 

ZYiMUWrsa strength of a rectangular bar. — Let b equnl the breadth and d 
the depth, both in inches, I equal the length, w the breaking weight, and » 
the number in the fifth column of the annexed table ; then 
[S3-] * 6 + **<* — *.( + !>. 

Transverse strength of Professor Hodgkinson's girder. — Let a equnl men 
of bottom flange in inches, and d, w, and I have the same meaning as above ; 
then 

[54.] XW= 3-685911 4-Xa + Xi- x I, 
Deflexion. — Let S equal the deflexion in inches with the weight w, and n 
eqnal the numbers in the sixth column of tho annexed table; then 







B 


c 


D 


■ 


Cast iron . . . 
■Wrought iron . . 

Elm 

Oak 

Fir 


4-153338 
4.-7704.99 
5'"3943 
3-988555 

3*9777*4 


5-01t4.I7 

3-108565 
3.586587 


1-173.86 

1-4.14973 
'■574031 

0-109515 
0-06SIS6 


3-31069314-619338 
3-3 5983 6:4761063 

1-518917 \y»P95*S 
17+5855 3-5*75°' 
v 567016 3-418713 



The following collection of examples apply to the foregoing 
formula?, reference being made by the numbers in parentheses. 
Only a portion of the examples are worked out at length, but 
answers are given in every case. 

Examples. 

[1.] What would the interest at 4$ per cent upon £3653 for 7 years 
E£nannt to 1 

Logarithm of 3653 *« 3-561650 
„ 4-5 = 0-653113 

» 7 = 0-845098 

5-060961 
1 

3 060961 = Log of 1150-69. 



.'. Answer it £1150 14*. 
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[2.] What would £36+ pot out at 6 percent, compound interest yearly, 
imount to at the end of 13 years} 

Log of ratio from table — 0-0153059 



3 -1 °3'37 = Log of 1168 05. 

Answer is £1168 u. 

[*.] What would £100 amount to at the end of 50 years, put out to 
annual compound interest at 5 per cent] Ans. £1 146 I5». 

_ [3.] The aidc« of a triangle are respectively 564, 373, and 746, what il 



Log of d - J (564+ 373 4- 746) = **9*53ia 
log of U - a) = (842 _ 56+) «. 2-444045 
logoff — I) = (841 - 373) = 2-671173 
Log of (d - c) = (842 - 746) = 1-982271 



5-0114 05 — Log of 1026-61. 

Therefore the area required is 1026-61. 

C4-] What is the area of a square, the length of one aide of which is 
56-s4feet! Ans. 3162-94. 

[5.I What is the area of a rectangle, the length of whose sides is 15 6 and 
16-1 " Ans. 252-62. 

[6.] What is the area of a polygon of 12 sides, each of which is 5-06 feet 
in length 1 

90B - 



- - 75" 
ofi = 5-o6 =0704151 

1-408302 

Logarithmic tan of 75 0 = 0-571948 
Logarithm of » =12 » 1-079181 
-397940 

3;«737I 

Logarithm of area « 2-457371 = 286-663. 

[6.] What is the axes cf an octagonal room, each side of which it 5 feet ] 
Am. 12071. 
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[7, 8, and 9.] What is the circumference and area of a circle whose 
diameter is 2171 feetl 

Logarithm of d = zi 72 = 1-336860 
■497150 

Logarithm of circumference — 1-834.010 — 62-i 36 



3- 668010 
0-900790 

4- 568810 



Logarithm of area = 1-568810 = 370-52. 

[7, 8, and 9.] What ii the diameter and circumference of a circle whote 
area is 562 square feet! 

Ans. Circumference ia 84-0376 feet, and diameter is 16-75 feet 

[10.] What is the length of an arc of 73° of a circle, whose radios is 
3472 feet! Ana. 44137 feet. 

[11.] What is the area of a sector of a circle whose radius is 16 feet, and 
whose sides include nn angle of 42° 1 Ana. 247-58 feet. 

[12.] What is the area of a parabola whose abscissa is 5-31, and the cor- 
responding ordinate 4-13 1 

Log of (2 yj =2 X 4-13 =0-916980 
Logoff = 5-32 =0-725912 
■B*39°9 
2466801 



1-466801 =29-295 = area of parabola. 

[13.] In a parabola an ordinate measured 5-17, and its corresponding 
abscissa 8 95, what will be the length of the ordinate whose abscissa is 10 1 

L°gyi= 5-17 = 0713491 



1- 426981 

Logr,= 1000= l-oooooo 

2- 4260S2 

Log *[= 8-95 = 0-951823 
' )'-4-75»SS 

Logarithm of y, =0737577 = 5*4648 = ll,e ordinate reqoiitd. 
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(14 and 15. What is tire area and periphery of an ellipse whoae conjugate 
diameter is 27 and its transverse diameter is 49 1 

Ana. Area is 1039-08 ; and periphery ia 119-38. 

[16.] In an ellipse whose two diameters are 51 and 38, what ia the length 
of the ordinate corresponding with an abscissa of so feetl 
Sinco x 1 = 30, x, = 51 — ao = 31. 
Log a, = 20 = 1-301030 
Log-7 a = 31 =1-491367 

a)s-79Z397 

1-396198 
Logo = 38 = 1-57978+ 

1-97598* 
Log( =51 = 1707570 

Logy = ra684is=,i8-553 = the ordinate required. 

[17.] What is the cuhic contents of a cylinder whose diameter ia 275 
feet, and its height 6 feetl Ana. 35-637. 

[18.] What ia the cuhic content of a cone whose diameter ia 3-5 feet, and 
its height 5-42 feet] Ana. 34-764. 

[19 and ao.] What ia the apherical surface and the solidity of a sphere 
whose diameter is 5-734 feetl 

Ana. Surface ia 163-46 feet; solidity is 98-718 feet. 

[11 and aa.] What ia the surface and solidity of a tetraedron, one of 
whose lineal edges ia 7-31 feet, of an octaedron whoae lineal edge is 3-17, 
and of a dodecaedron whose lineal edge is 5-69 1 

Ana. Tetraedron, surface ia 146-69 feet ; solidity is 46-036 feet, 
Octaedron, surface ia 34-81 feet; solidity is 1 ;-oo5 feet. 
Dodecaedron, surface is 668 43 f**' • solidity is 141 1*7 feet. 

[13 and 24.] In a plane triangle twoof its sides are 7 3 and 6-gi, and the 
angle opposite the longer side is 74. 0 39', what are the remaining angles and 
the length of the other aide] 

Then by [13] 

Logarithmic sin of 74 0 39/ 
Arithm. comp. of log of 7-3 
Logarithm of . . , 6-93 



= 9' 136*77 
= 0-840106 



Log sine of angle op. otherside= 9-961007 = 66° 4' 56", 
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iSo" — {74" 39' + 66* 4' 56') = 39 s 16' 4" for the angle opposite the 

side jet to be found. 
Then by [n] 

Logantha of 6-92 = 0-840106 

Anlh. comp. of log sin of 66° 4' 56" = 0-058993 
Logarithmic ain of . 39 16 4 = 9-801366 

10-680465 
io- 

Logarithm of eide required . . = 0-680465 = 4791. 

Ans. The three aides are 4791, 6-92, and 7-3, and the three anglei oppo- 
site to each respectively are 39 0 16' 4", 66° 4' 56", and 74 0 39'. 
[15 and 3.] Two sides of a triangolar piece of ground measure 8i*io and 
105-75, and the angle included between them is 47" 52', what is the length 
of the other side, and the area of the piece of ground 1 

Log (10575-81-10) = 1-391817 

Arith. com p. of log (10575 + Sl'l) . = 7718507 
Logarithmic tan of .... 66° 4' = 10-352778 

19-473102 

Log tan of half the difference of the angle* 1 „.._,.„, _ l6 o 

opposite the given .aides j" 9473 0* — 33 4- 

Arith. comp. of log cos of 16 0 33' 14"= 0-018384 
Logarithmic cosine of . 66 4 o = 9-608177 
Logarithm of . . , (10575 + 81*1)— a'271493 

11-898054 

Logarithm of third side = 1-898054= 79-08. Ans. 

Ana. And tbe area by [3] is 38355 square feet. 
[26.] In a plane triangle whose sides are 27-3, 54-5, and 62, what are the 
Rsgiea opposite those sides respectively] 

Arithmetic*! comp. of log of 6a . = 8-ao76o8 
Logof .... (27-3 + 54-5) = i'9i*7S3 
Logof .... (54'S-27-3)= '-434569 
1:554930 

Therefore the larger segment ii 31 -f- I7'943 = 48'943i and the lesser 
segment is 31 — 17-943 = 13-057. 
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Then by [23' 



0 

jLogantb 



AritL comp. of log of 54-5 = 8-263603 
■""nof. . 48-9+3= 1-683691 



Log sine of angle opp. larger segment = 9-953194 = 63° 54' 4", 

Then 90 0 - 6j° 54' 4" = 26 0 5' 56" = angle opposite aide which 
measure* 17-3. Again, 

Logarithmic sine of . 90° = 10 000000 
Arith. comp. of log of 27-3 = 8-563837 
Logarithmof. . 13-057= 1-115843 



Log sin of angle opp. leaser segment = 9-679680 = 28 0 34 23". 

Then 90 0 — 28 0 34' 23" = fit" 25' 37" = the angle opposite the side 
which measures 54-5 ; and 28 0 34' 23" + 63° 54' 4" = 92 0 28' 27" = 
the angle opposite the longest side. 

[17.] What is the length of the diagonal of a rectangle whose two sides 
are 3 4and 53-2! Ans. 6314. 

[28.] A house is 47 feet in height, at what distance must the base of a 
ladder 53 feet long be placed from the house in order that the top of the 
ladder may just meet that of the house! Ans. 24-5 feet. 

[30.J What is the vis viva of a railway train weighing 117 tons, and 
travelling at a rate of 33 miles per hourt Ans. 19,313,300,000. 

[31.] A body having been falling freely by the action of gravity for 7-5 
seconds, it is desired to know the space which it has fallen through. 

Ans. 915-37 feet. 

[32 and 33.] A body falls under the influence of gravity from a height of 
427 feet, what time will it occupy and what will be its final velocity, neg- 
lecting the resistance of the air! 

Ans. It will occupy 4-1866 seconds, and acquire a velocity of 165-995 
feet per second. 



making or 



[35.] A body weighing 53 lbs. is whirled round in a circle whose radius 
is 15 feet, with a velocity of 12-7 feet per second, what is the strain upon 
the rope by which it is constrained to move in the circle! Ans. 17-703 lbs. 

[36.] What is the horizontal pressure at the crown of an arch whw* 
radius of curvature-is 147-52 feet, whose breadth is 35 feet, and the vertical 
weight on each square foot at the key-stone is 974 lbs. i Ans. 5,028,950 lbs. 



[37-] In an i™" bridge having a spoil of 211 feet, with a rise of 11-5 
feet, the weight of half the arch is 998 tons, and the distance of its center of 
gravity from the springing is 4 3 feet, what is the horizontal thrust of the 
archt . . Ana. 1907-3 tons. 

[38.] A retaining wall 37 feet in height supports a loosa sandy soil, re- 
quired the pressure which every foot in length of it has to sustain J 

Ans. 11447 lbs. 

[38.] What is the pressure against a sluice 10 feet wide, and having a 
depth of 7 feet water against it] Ans. 30,013,360 lbs. 

[39 and 40.] What resistance would a hoard whose area is 147 square 
foet experience in being moved through the air with a Telocity of 17 feet pec 
second, and what would be the resistance in water 1 

Ans. In air, 72-2iilbs.; ia water, 4146-34^8. 
[42.] What quantity of water will he discharged by a pipe 18 inches in 
' r f 537 1 feet Ioll 8> and onaer a bead of 75 feetl 
log of d= 18= 1155S725 



62763615 

Log of h = 75 = 1-8750613 ,. 

1-3485000 , 1 

W (' + 4-*<Q — S44fr fi = 373%»SS 

Log of quantity per minute =1-8818991 = 761-9, 

Ans. 7619 cuhic feet per minute. 
[44.] "What head will be required to force 350 cubic feet'of water per 
minute through a pipe 15 5 inches in diameter, and 3640 feet long! 

Ans. 11739 feet. 

[45.] What is the velocity with which water will flow through a conduit, 
15 feet wide at the surface. 4 feet deep, with the sidus sloped at 1 to 1, and 
the inclination of the surface of the water in which is 6 inches per mile 1 
Ans. 1-383 feet per second. 
[46.I What is the qnantity of water flowing over a weir 117 feet long, 
when the surface of the river is 6 inches above the top of the weir) 

Ans. 145 93 cuaic feet P er second. 
{47.] What weights would bo requisite to tear asunder rods 1 inches 
square, of cast iron, wrought iron, oat, and firf 

Ana. Cast iron, 71,680 lbs.; wrought iron, 135,810 lbs.; oak, 
47,5iolfas.; fir, 38,ooolbs. 

[48.] What weight will be necessary to crush a block of cast iron 3 inches 
square) Ans. 969,750101. 

L5«.] What weight will be required to break a hollow column with Oat 
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ends, the length of which La 37 feet, ita external diameter 12 inches, and its 
internal diameter 10 inches I 

Log of d = 11 = 1-079181 

r6 

3-8850516 = log of »*■•= 7674*6. 

Log of d = 10= 1*000000 

3* 

3-6000000 = log of = 3981-1 
1^-^ = 3693-5 

Log <n " - d »*) = 3693-5 = 3-567438 
0= 1-173186 
°-47 3" 7 
5-113841 

Log i = 37 = 1-568202 x 1-7 — 2-6659434 

z - S478s8 = log of 353-1. 
Therefore the answer is 353-1 tons. 

[53.] A bar of cast iron 1 inches wide and % inches deep is laid upon sup- 
ports 6 feet apart, what weight applied in the center would break it ! 

An 3. 6135 lbs. 

[54.] What weight applied in the center will be required to break a girder 
of Professor Hodgkinson's form of section, in which the area of the bottom 
flaiip- is 16 square inches, the depth 1 5 inches, and the distance between the 
supports 23 feet 1 Ans. 82,273 lbs. 

[5;.] What deflexion will be produced in a bar of cast iron % inches 
wide, 3 inches in depth, and witha 6 fept bearing, by a weight of 27301b*. 
applied in the center! Aug. -256 inch. 
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Table of the Logarithms of every Prime Number 
from 2 to 1000. 
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Prima numbers are those which are not divisible by any 
other number, or which cannot be resolved into factors ; thoa 
233 is a prime number, because it cannot be divided by any 
number without leaving a remainder, while 234 is not a prime 
number, it being divisible by 2 and other numbers. The 
logarithms of any number which is not a prime number may 
be readily found by adding together the logarithms of the 
' several prime factors by the multiplication of which the num- 
ber is produced. Thus the number 234 is produced by U13 
multiplication of 2, 8, 3 and 13 (all prime" numbers,) and the 
logarithms of those numbers being taken from the table and 
added together, the sum will be the logarithm of 234. For 
example — 

Log of 2 = 0 3010300 
3 = 0-4771213 
8 =0-4771213 
13 = 1-1130434 



\ Log of 234-= 2-3692160 

Again, the number 578 is composed of the prime factors 
2, 17, and 17; then 

Log of 2 =0-3010300 
17 = 1-2304489 
17 = 1-2304489 



\ Log of 578 = 2-7619273 

In this manner we are enabled by the foregoing table to 
find the logarithm (true to at least 6 figures) of any number 
which may be given, whether prime or otherwise ; for if primo 
its logarithm will be found at once in the table, but if not 
prime its logarithm will then be found by taking the sum of 
the logarithms of its prime factors, as explained above. 
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Table by the aid of which the number answering to any 
logarithm can be found to sixplaces. 
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In the above table the arguments are natural numbers, 
and the resultants their logarithms. The first figures of the 
arguments are found in the top horizontal line, and the final 
or unit's figure of the same in the extreme left-hand column; 
the logarithm is found at the place of intersection, that is, on 
the same line with the final figure, and in the same column as 
the other figures of the natural number. In the five last 
columns only the final significant figures of the mantissa of 
the logarithms will be found in the table; as many cyphers 
must be added to the left of the figures given as are necessary 
to make up seven figures. Thus at the top of the fifth 
column we have 100, and on the fourth line we have 4, then 
the figures found at the place of intersection are 17387, to 
which adding two cyphers on the left hand to make up the 
seven figures, we have ■0017887, which is the mantissa of 
the logarithm of 1004. 

The manner of using the table is as follows :— Having 
given a logarithm of which it is desired to know the corre- 
sponding number, look among the resultants in the table for 
the next less numher to the mantissa of the given logarithm, 
and write down the natural number corresponding with the 
logarithm taken from the tahle, subtract this logarithm from 
the mantissa given, and again look among the resultants in 
the table for the next less number to the remainder, noting 
the number among the arguments answering to it; then sub- 
tract the resultant from the remainder, and look again for the 
next less resultant to this remainder, and thus proceed until 
the given logarithm has been exhausted, that is, until no re- 
mainder is left, each time noting the natural numbers cor- 
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responding to the logarithms taken from the table. These 
numbers being then multiplied together, the product will be 
the natural number corresponding to the logarithm originally 
given. These numbers have been so arranged that their 
multiplication may be very readily performed. 

Example . — Of what number is 3 3574208 the logarithm? 

Given logarithm . . . = -3574202 

Next less log in table. . = -3010300 =log of 3 



1st remainder 

Next less logarithm. . 

2nd remainder. . . 
Next less logarithm 

3rd remainder . 

Next less logarithm . . 

4th remainder 

Next less logarithm . . 

5th remainder . . . 
Next less logarithm 

6th remainder . . . 
Nearest logarithm . . 





563902 
413927 = 


log of 11 




1.19975 
128372 = 


log of 103 




21603 
17337 = 


log of 1004 




4266 
3907 = 


log of 10009 




359 
347 = 


log of 100008 




12 

13 = 


log of 1000003 



Then 2 x 11 x 103 = 2266, which has to be next multi- 
plied by 1004, or by 1000 and by 4, thus 

2266000 = 2266 x 1000 
9064 = 2266 x 4 



2275064 



This again has to be multiplied by 10009, 
S27S(»840000 
20476576 
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This has again to be multiplied by 100008, but we need not 
retain more than 8 figures, and the remainder to the right 
may be cut off, and any figures in the multiplication by 8 
which would fall uuder any of the figures so cut off may be 
omitted ; to know how many figures thus to omit, point off as 
many figures from the right as there are figures before the 
number by which yon are about to multiply, and perform the 
multiplication only upon the remaining figures, taking care, 
however, to carry to the multiplication of the first number 
whatever would have been carried from that of the last "figure 
cut off. Thus, in the example, there being five figures before 
8, the number by which we are going to multiply, we point off 
the five right hand figures, and only multiply 227 by 8 ; we 
add in, however, 6 carried from the multiplication of the 7 
cut off 

227,71115 
1822 



22 772937 
68 



22773005 



The last multiplication is by 1000003, and the answer is 
true to seven places, the real number being 2277-3. In the 
example above, as the figures to be multiplied by 1000003 are 
not affected by the addition of 1822, this need not have been 
performed until afterwards, as below 

227,71115 
1822 
68 



22773005 



What is the number corresponding to the logarithm 
1-6551071? * ■ 

8551071 7 X 102 = 7U000 

8450980 = log of 7 2142 



100091 71,6,1,4200 

86002 = log of] OS 14323 

2865 

14089 643 

13009 = log of 1003 . 



1080 i 
869 = log of 10002 

211 

174 = log of 100004 
37= log of 1000009 

The number is 71632. 

What is the number whose logarithm is 2-6108833 1 

6103838 101 
6020600 = log of i i 



43214 = log of 101 3636 

40019 40,7,6 3600 

38012 = log of 1009 8153 



869 = log of 10002 

217 = log of 100005 
21 = log of 1000005 

The answer is 407-74. 
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What is the number whose logarithm is 

7797G87 1003 
7781618= log of.6 6 



16074 AO 180000 

18009 = log of 1003 42126 

861 

3065 

3039 = log of 10007 60222-187 

26 =log of 1000006 
The number required is 6022-248. 
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JOHN WEALE, 59, HIGH HOLBORH. 



PREFACE. 



The present little work, while complete within itself, is in- 
tended also to form a companion or supplemental volume to 
three others of Mr. Weale's Rudimentary Series; namely, to the 
Rudiments of Nautical Astronomy, the Rudiments of Navigation, 
and the volume on Logarithms. In order to the attainment of 
the first object, such an explanation has been prefixed to the 
Tables as is sufficient for showing the manner in which they are 
to be used, itnd the purposes for which they are to be employed; 
and such examples of their application have been added as will, 
it is hoped, remove all difficulty in their employment. 

The Tables of the Logarithms .of Numbers, and of Loga- 
rithmic sines, tangents, Ac, have been reprinted from the third 
edition of Gregory's Mathematics for Practical Men; and the 
Table of Proportional Parts, first given in that work, has been 
arranged in a new and more convenient way in the present 
Tables. 

Tables L to V. will be found of considerable service for 
general purposes of calculation, in addition to their application 
with Tables VI. to XVIII. to the important purposes of Navi- 
gation and Nautical Astronomy. 

The remaining Tables will be found of constant use in all 
mathematical investigations involving trigonometrical expres- 
sions; these are principally compiled from Hutton's Mathe- 
matical Tables. 

In the preparation of the Tables and in their progress through 
the press, every care has been taken by careful and repeated 
reading to insure accuracy, an objoct which it is confidently 
hoped has been successfully attained. 

H.L. 

Old Wihotob 13£A June. 1850. 
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MATHEMATICAL TABLES. 



EXPLANATION AND USE OF THE TABLES. 

Tables I. and II. 

Logarithms of Numbers. 

As a description of the nature and properties of logarithms will 
be found in the Budimentary Work On Logarithms, and is not 
essentially requisite to their mere application to the purposes 
of calculation, wo shall here only explain the method of using 
the accompanying tables. 

By an inspection of Table II., which contains the loga- 
rithms of all numbers from 1 to 100, it will be seen that each 
logarithm consists of two distinct parts, separated by a decimal 
point; thus, the logarithm of 18 is ril3943 ; the number to 
the left of the decimal point (or 1 in the above example) is 
called the index or characteristic*, and its value depends only 
upon the number of digits in the quantity whose logarithm it 
is, without any regard to the value of that quantity, and it is 
always 1 less than that number of digits ; thus in the example, 
the characteristic of the logarithm of 13, which contains two 
digits, is 1, or one less than that number; and it will be seen 
from the Table, that 1 is the characteristic of al! the loga- 
rithms from 10 to 99, but that, for numbers below 10, the 
index, is 0, and for 100 is 2, in each case 1 less than the 
number of digits in the quantity of whose logarithm it is the 
characteristic. The characteristic, therefore, of the logarithms 
of all numbers 

equal to or greater tlian 1 and less than 10 is 0' 
10 „ 100 „ 1- 

100 „ 1000 „ 8* 

1000 „ 10000 „ 8- 

10000 „ 100000 „ 4- 

&c. &c. &c. 

* In order to iwoid ennfuaion from the ueo of the word index to (igm'fy 
two tilings, we Bhall throughout this work employ the term ckaracterittit 
when speaking oflogiirithms, and index when speaking of roots or powers. 
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When the quantity i3 leas than unity, the characteristic of 
its logarithm becomes negative, and its value is determined 
by the number of cyphers which occur between the decimal 
point and the first significant figure (the fraction being deci- 
mally expressed), and is always 1 greater than such number 
of cyphers ; or it is equal to the difference in the number of 
figures in the numerator and decimal denominator ; thus, the 
characteristic of the logarithm of 

•1 or i'j ill 1 ' 
■01 „ 7 i s „ S; 
■001 „ -raW. „ 
'0001 „ nritfU „ 4- 
&c. &c. &c. 
The decimal part of .the logarithm, or that lying to the 
right of the decimal point, is called the mantissa, and de- 
pends entirely on the relative value of the figures composing 
the quantity whose logarithm it is, and not at all upon the 
actual numerical value of that quantity ; thus, in the example 
already given, the decimal part of -the logarithm of 13 is 
■118943, which is also the decimal part of the logarithm of 
1-3, or 130, or 1300, for in each case the 1 and the 3 have 
the same relative value. So that the decimal portion of a 
logarithm is always the same for the same figures, and is not 
altered by the addition of any number of cyphers either to 
the right or to the left hand of those figures, or what is 
equivalent, by the multiplication or division of the quantity 
by 10, or any power of 10; it is only the characteristic- of 
the logarithm which alters its value, 1 being added to the 
characteristic for every 10 by which the quantity is multiplied, 
or subtracted from it for every 10 by which the quantity is 
iivided. Thus, 

the logarithm of 746800 being 5 '872622 

that of 74580 is 4 872622 

7458 „ 8-872622 

745-8 . „ 2-872622 

74-58 „ 1-872622 

7-458 „ 0j872622 
■7458 „ r8726aa 
•07458 „ P/872622 
■007458 „ 3-8 



* The negative sign (— ) is always placed above the characteristic, thns 2, 
instead of before it, in order to avoid its being misunderstood for the sign ot 
subtraction. 
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It must lie borne in mind, that in the logarithm of a frac- 
tional quantity, it is only the characteristic which has a nega- 
tive value, and that the decimal part of a logarithm is always 
positive. It is, however, sometimes convenient to have the 
whole logarithm expressed, negatively, both characteristic and 
decimal ; for which purpose, subtract the last right hand figure 
in the decimal portion from 10, and all the others from 9, and 
the result will be what is termed the arithmetical compUnunt 
of the decimal, to which prefix the former characteristic less 
1, and the result will be a negative logarithm, equivalent in 
value to the original logarithm having only a negative charac- 
terestic ; for example, the logarithm of -07458, as above, is 
2-872622, which is equivalent to — 1-127378. It is also fre- 
quently convenient to take the arithmetical complement of the 
whole logarithm, and this is obtained by subtracting the light 
hand figure of the decimal from 10, and all the others from 9, 
including the characteristic when positive, but if negative it 
must be added to 9. Thus, the arithmetical complement 

of 3-146128 is 6-853872 

„ a-076276 „ 11-923714 

„ 5-322839 „ 4-67716] 

„ 1*98*6772 „ 10-013228 

USE OF THE TABLES. 

To find the logarithm of any given number. 
If the number is less than 100, its logarithm will "be found 
tn Table II., with its proper characteristic prefixed; but if 
the number contains more tban two figures, its logarithm may 
be found from Table I. as follows: — If there are only three 
figures in the number, look for that number in the first column 
of the table, and on the same line in the next column to the 
right, under 0, will be found the decimal portion of the re 
quired logarithm, to which the proper characteristic must be 
< prefixed, according to the rules which we have just explained. 
If the quantity contains four figures, look for the first three 
figures in the first column as before, and the four last figures 
of the logarithm of the required number will bo found on the 
same line with those three figures, and in that column which 
has at its head the fourth figure of the given number ; the 
two first figures of the logarithm will be. found in the second 
column (headed 0), and which figures being common to all 
the logarithms inclosed by each pair of horizontal lines, it is 
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unnecessary to repeat. Where these first figures change their 
value in the middle of a line, the same is indicated by a break 
in the horizontal line, thus, 189379 | 0194, which shows that 
the two first figures (13} have changed to 14, and the right 
hand logarithm is therefore 140194. 

Examples. 
Required the logarithm of 784. 

In Table I., on the same line with 734 and under 0, are 
found 5696, the four last figures of the logarithm, to which 
the common figures 80 and the proper characteristic 9 being 
prefixed, we obtain 2-865696, the logarithm required. 

Find the logarithm of 3476. 

Here, on the same line with 347 and under 6, will be found 
1080, which, with the two first figures and the characteristic 
prefixed, is 3-54108.0, the logarithm required. 

The log. of 5-84 is 0-766413 
■0932 „ 2-969416 
10-24 „ 1-010300 
3708 „ 3 569140 

When the quantity whose logarithm is required contains 
more than four figures, proceed as follows :— Find the loga- 
rithm for the first four figures as above, then look in the first 
column of the Table of Proportional Part3, at the lower part 
of each page, for the first four figures, and on the same line 
in the column having at its head the fifth figure will be found 
the quantity which must be added to the logarithm already 
taken out, to give the logarithm of the quantity first required. 
If the first four figures are not found in the first column of 
the table, then take the line containing the nest less number 
to it. If the number whose logarithm is required contains 
more than five figures, proceed as above to obtain the loga- 
rithm of the first five figures, then, on- the same line of the 
Table of Proportional Parts that the number added to the 
logarithm for the fifth figure was found, and in the column 
having at its head the sixth figure, will be found a quantity 
which, divided by 10 (or what is the same, having its right 
hand figure taken away*), and added to the logarithm already 
found, will give the logarithm of the first six figures ; again, 
on the same line and in the column having at its head the 

* If the figure thus cut off exceeds five, one must be added to the last 
right hand figure left. 
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seventh figure, will be found a quantity which,' divided by 
100 (or having two figures cut off from the right hand), and 
added, will give the logarithm for seven figures*. 

Examples. 

Required the logarithms of 11488, 631547, 768664, 
7642-179. 

Log. of the first four figures from Tab. I. = 4-059943 
From Table of Proportional Parts on line! on , 
with U48 and under 8 J ~ 808 



Logarithm of 11488, as required = 4-060244 

Log. of 6215 = 5-793441 

From Table of Proportional Parts, on line! 

with 6160, the next less No. in theL = 28 

table to 6215, and under 4 ... J 
On same line under 7 = 4 9 



Logarithm of 621547 

Log. of 7686 

From Table of Proportional Parte on! 

same line with 7686 and under 5 . .J 
On same line under 4 ..... 



Logarithm of 768654 

Log. of 7642 

From Table of Proportional Parts on) 
same line with 7552 and under 1 . ./ 

On same line under 7 

On same line under 9 



Logarithm of 7642-179 



To find the number answering to any given logarithm. 
Look in the upper portion of Table I. for the given loga- 
rithm, or the next less in value to it that can be found, then 



= 5-793474 

= 5-885700 
= 28 
= 2 2 

= 5-885730 

= 3-8832071 

= 5 7 

= 3 99 

— 513 

= 8-883217 



* See remark ot page 7, with regard to tie number of places to be do- 
p»iid«i npon. 
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on the same line, in the first column, will be found the first 
three figures, and at the head of the column in which the 
logarithm was found, the fourth figure of the number sought. 
If the given logarithm is found exactly in the table, the figures 
thus obtained will be the required number, care being taken to 
point off one more figure to the left hand than there are units 
in the characteristic of the given logarithm, cyphers being at- 
tached to the right hand of the number, if requisite. If, how 
ever, the given logarithm is not found exactly in the table, 
subtract from it the next less logarithm found, calling the 
remainder the first difference ; then look in the Table of Pro 
portional Parts on the same line with the four figures already 
obtained from Table I. (or the next less figures which can be 
found) for this difference, and at the head of the column in 
which it is found will be the fifth figure of the number sought. 
If the first difference is not found exactly in the table, look 
for the next less number to it, which subtract from tfie first 
difference for the second difference ; then add a cypher to this 
second difference, and look for it on the same line of the Table 
of Proportional Parts, as before, and the figure at the head of 
the column containing the nearest number to it, either greater 
or less, will be the sixth figure of the number required- 

Examples. 

Required the number answering to the logarithm 3-241756 
Given log.=3-241756 
Next less log. in Table I.=3 241546 = the log. of 1744- 

In Table of Prop. Parts') 
on same line with the I 
next less No. to 1744 J 

■ . 110 second dif. 
On the same line . , . 99 is found in col. 4 '04 

The No. required = 1744-84 

In this example the next less logarithm which can be found 
in Table I. is 3-341546, the number answering to which, 1744, 
is the first four figures of the number sought; then subtract- 
ing this logarithm from the given logarithm, we obtain for the 
first difference 210, and looking in the Table of Proportional 



210 first dif. 

199 is found in col. 8 "8 
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Parts on a line with 1740 (the next less number to 1744), for 
the next less number to 210, we find 199, at the head of the 
column containing which is 8, the fifth figure required ; then, 
subtracting 199 from 210, we obtain the second difference, 11, 
and adding a cypher, the nearest number which we find on the 
same line is 99, at the head of the column containing which is 
4, the sixth figure required. 

Required the numbers answering to the following loga- 
rithms :— 3 510009, 2-475771, 5-871624. 

The number auswering to the logarithm 8-810009 is found 
at once to be 8286. 

Given log. = 2-475771 
Next less log. = 2-475671 = the log. of 299*0 

100 = 1st dif. 

From Tablo of Proportional Parts 87 -06 

180 = 2nd dif. 

130 009 

No. required = 299 069 



Given log. = 5-871624 
Next less log. = G'87157S = the log. of 744000' 

51 =lstdif. 

From Table of Proportional Parts 46 80- 

50 

52 .... - 9- 
The No. required = 744089- 



It should be observed here, tbat the number of figures 
which may be depended upon in any result obtained by loga- 
rithms, will be equal to the number of decimal places in the 
logarithms employed; thus, in using the tables appended to 
this work, the results obtained will be accurate to six figures, 
except towards the end of the tables, in which only five figures 
should bo trusted. 
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Tables III, IV., and V. 
Trigonometrical Tables. 

Mathematician have computed the lengths of the shies, 
tangents, and secants (assuming unity for the radius) cor- 
responding to arcs from 1 minute of a degree, through all the 
gradations of magnitude, up to a quadrant, or 90°; and the 
results of the computations are arranged for use in tables 
called Trigonometrical Tables. As, however, these quantities 
have to be carried to several places of decimals in order to 
obtain sufficieutly accurate results, their use in calculations is 
attended with much labour, and therefore it is usual to employ 
their logarithms instead ; but in this case the assumed radius 
is taken as 10,000,000,000 instead of unity, since with the 
latter most of the quantities would be fractional, and therefore 
have negative characteristics, the use of which would be incon- 
venient, and is superseded by taking the radius as above. 

Table V. is such a table of the logarithms of the sines, 
cosines, tangents, cotangents, secants, and cosecants, for every 
minute from 1 minute to 90 degrees, calculated to a radius of 
10,000,000,000 as above. It will be observed that the head- . 
ings of the columns run along the tops of the pages as far as 
the 45th degree, after which they return along the bottoms of 
the pages in contrary order, as below : — 



Siu | D. | Cosec 


Tan | ». 


Cot 


Sec | T>. J Cos 


Cos | D. | Sec 


Cot | D. 


Tan 


Cosec 1 D. J Bin 



The reason of this will be apparent, if we only consider that 
the cos, cot, or- cosec of an arc is the sin, tan, or sec of the 
complement of that arc. The intermediate columns, headed 
D, contain the differences of the consecutive logarithms in the 
contiguous columns on either side; it will be seen that the 
same difference is common to the sin and cosec, the tan and 
cot, and the sec and cos; since, from Table XXI., 

sin = — — , or 1 = sin . cosec ; tan = — , or 1 = tan . cot ; 
cosec cot. 

sec= -L, or I = Bee . cos; and consequently, log sin -f log 
cos 

cosec = log tan + log cot = log sec + log cos = 2 log rad =20' ; 
therefore as the sin, tan, or sec increases, so must the corre- 
sponding cosec, cot, or cos diminish, and their differences 
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must be equal. The differences of the sines and tangents are 
not inserted on the two first pages, for the reason explained at 
page 1 0. 

tJSE OF TABLE V. 

To find the logarithmic sine, tangent, ifc, of a given arc. 

If the arc contains only degrees and minutes, its sin, tan, 
See., will he found simply by inspection, by looking along the 
top or bottom of the tables for the degrees, and then in the 
first or last vertical column for the minutes, according as the 
number of degrees is le39 or greater than 45°; and on th» 
same line, in the column having for its title (either at the top 
or bottom, according as the degrees were found) the name of 
the trigonometrical quantity required, its log will be found. 

If the arc contains seconds as well, the logarithm must be 
found as above for the degrees and minutes ; then take the 
number in the contiguous column headed D on the same Hue, 
multiply it by the number of seconds, and divide by 100 (which 
is done by cutting off the two last figures); the quotient must 
then be added to or subtracted from the log already taken out, 
according as the same would he increased or decreased by an 
increase in the arc. 

Examples. 

1. Find the log sin of 87° 47'. 

As the arc is less than 45", by looking along the top of the 
' table for the degrees, and in the first column for the minutes, 
we find in the column having at its top the word sin the figures 
9-787232, which is the log sin of the arc required. 

2. Find the log tan of 75° 34'. 

Here, as the arc is greater than 45", looking at the bottom 
of the tables for the degrees, and in the last column for the 
minutes, we find in the column having tan at the bottom, 



10-589431, the tan of 75° 34'. 
3. Find the log sin of 31° 45' 5". 

The log sin of 31° 45' is 9-721162 

The No. in col. D is 340 x 5"-r- 100= + . 17 



.-. The log sin of 31° 45' 6"= . . . 9 721179 
4. Find the log cos of 25° 1' 47". 

The log cos of 25° 1' is 9 957217 

The No. in col. D is 98 x 47" -^100= - . . 47 

.;. The log cob of 25° 1' 47"= . . fl-057170 



JO 
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To find the arc corresponding to any given log sin, tan, &c. 
— Look in Table V. for the given log sin, &c„ or the next 
less log thereto, and on the same Hue will be found the minutes, 
and at the top or bottom of the page the degrees, of the arc 
required; if the log thus found is less than the given log, 
subtract the former from the latter, add two cyphers to the 
right of the remainder, and divide it by the number found in 
the contiguous column headed D ; the quotient will "be the 
number of seconds to be added to the degrees and minutes in 
the arc already obtained. 

Examples. 

1. Find the arc whose log tan is 10 57T537. 
Here the arc is found by inspection to bo 75° 1 1'. 

2. Find the arc corresponding to the log sin 9-395401. 

Given log = 9-395401 
Next less log = 9-395166 = log tan 14° 23' 

23500 -i- 820 = 29 seconds ; 

.-. 9-395401 is the log tan of 14° 23' 29". 

In the sines and tangents of arcs less than about 5°, the 
differences between any two successive values are so great (as 
will be seen by an inspection of column D in the table) that 
the method above given for finding the intermediate values for 
seconds will not be sufficiently correct ; and the same remark 
applies to the cosines and tangents of arcs greater than about 
85 u . It will also be observed, that in the cosines and secants 
of arcs less than 5°, and in the Bines and cosecants of arcs 
greater than 85", the differences are too small to enable us to 
calculate accurately the value of any arc from them. 

The first of these difficulties may be removed by the rules 
given below for determining the values of the sines and tan- 
gents of small arcs, and the tangents of large arcs, and con- 
versely the arcs from the sines and tangents, A table has 
also been given (Table IV.) of the logarithmic sines for every 
tenth of a minute, as far as a degree and a half, and of the 
cosines for every tenth of a minute from 88° 29' to the end of 
the quadrant. The second difficulty, however, could only bo 
got over by extending the tables to more decimal places, but 
as this would also require all other quantities employed in the 
same calculations to be taken to an equal number of decimals, 
much additional trouble would be occasioned ; and it is there- 
fore better for determining the value of an arc when near 90°, 
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to employ some other function than its sine, aa, for instance, 
its cosine. In order to render this clearer to those who are 
not familiar with thc_use of logarithms, wo subjoin an example 
of such a substitution of the cosine for the sine. 

For instance, let it be desired from the formula, 
P t : P 2 :: sin 0 : sin i 
to determine the value of the angle 2, when P 1 = 600*1; 
P a = 669 ; and the angle & = 63° 45'. 

First by multiplying the means and extremes, and dividing 
both sides by P v we obtain 

(„.) 

Then from Table XXI. ' ■ 

sin J = VI- (cos Sy 1 
P. sin & 

both sides 



- (cos if, 

transposing, and extracting the square root 

We have, therefore, two equations, (a) and (b), from either 
of which we can obtain the value of the angle 3, by substi- 
tuting the values of the known quantities; but in doing so 
we shall find that the second equation will give the value of 
2 much more exactly than the first. 

Thus, by substituting the known quantities in equation (a), 
we have 

669 x sin 63° 45' . , 

. = sin e. 

600- 1 

Whence by logarithms, 

Log sin 63° 45' = 9-963731' 
Log 669 = £-825426 



12-778IB7 
Log 600 1 = 8-778224 



Log sin I = 9-999933 



S = 88°59' 25". 
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Proceeding in a similar manner with equation (6), we havo 

f x _( «M X : = ,. 
-V V 600 1 y 

"Whence by logarithms, taking .the radios as unity, for the 
reasons explained at page 15. 

Log sin 63° 45'= 1-952731 
Log 669 = 2-825426 



9-778157 

Log 600-1 = 2-778224 



T-999933 
2 



Log -99069 = 1-999S6C 

Then 1 - -99969 = -00031, the log of which = 4-491362, 
and 4-491362 -j- 2 = 2-245681 =-cos J; 
or, restoring the radius of the tables, 

cos S = 8-245681 = sin of the complement of S; 
therefore, by the rule given below for finding a small arc from 
its sin, we have 

8-245681 
5-314425 
23 



3-560128 = 3631-86 seconds = 1° 0' 31"-86 ; 
.-. 3 = 88° 59' 28"-U, 

whence we see that the former value of 2 obtained from equa- 
tion (a) is upwards of three seconds too small. 

To find accurately the log sin of an arc lees than 5°. 
Reduce (he arc to seconds, and find the log of that number 
from Table I., to which add 4-685575 (the log sin of 1"), and 
subtract one-third of the decimal portion of the log sec of tho 
aro taken from Table V. ; the remainder is the log sin of the 
arc required. 
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Find the log sines of ID' and of 1" 3'. 

Log (13' x 60) = 780" = 2-892095 
4-685575 



7-577670 

Log sec of 13' = -000003 3 = -000001 



Log sin of 13' = 7 ; 5776( 



Log (63' X 60) = 3780" = 3'577492 
4-685575 



Log sec of 1° 3' = -000073 -5- 3 = 



Log sin of 1° 3' s= 8-263043 

To find accurately the log tan of an arc less than 6°. 
To the log of the number of seconds in the arc add 4-685575, 
and two-thirds of the decimal portion of its log sec ; the sum 
is the log tan of the are required. 

Examples. 
Find the log tans of 24' and 1° 15'. ' 

Log (24' x 60) = 1440" = 3-158363 
4-685575 

Log sec of 24' = -000011 x|= -000007 



Log taii of 24' = 7-853945 

Log (75' x 60) = 4500" = 3-653213 
4-685575 

Log sec of 1° 15' = -000103 x |- = 



•Log tan of 1° 16' = 8-338850 

To find accurately the log tan of an arc greater than about 85° 
Add to the log of the number of seconds that the arc is less 
than 90°, two-thirds of the decimal portion of the log cosec, 
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and subtract the sura from 15-814426 ; the remainder will be 
the log tan required. 

Examples. 

I. Find the log tan of 89° 5' 13". 

90° 0' 0" 
89 5 13 



0° 54' 47"= 8287 seconds. 

Constant log = 15-314425 

Log of 3287 = 3-516800 

Log cosec of 89° 6' 13" = -000057 x|= -000038 



Log tan of 89° 5' 13" = 11-797587 



2. Find the log tan of 88° 51' 10". 

90° 0' 0" 
88 51 10 



8' 50" = 4130 seconds. 



Constant log = 15-314425 

Log of 4180 = 3*6] 5950 

Log cosec of 88° 51' 10"= -000087 x S= -000058 

3610008 



Log tan of 8S e 51' 10" = 11-698417 

To find accurately an arc of not more than h°from its log sine- 
To the given log sin, add 5-314425, and one-third of the 
decimal portion of the secant of the nearest arc to that whose 
log sin is given, the sum, rejecting 10 from the characteristic, 
will be the logarithm of the number of seconds in the arc. 

Example. 

Required the arc whose log sin is 8*814719. 

Given log sin =8*314719 

Constant log = 5*314425 

Log sec of nearest arc = -000093 -j- 3 = '000031 



Arc required 1° 1C 58" = 4258" = 3-629175 
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To find accurately an arc of not more than 5° from its log tan. 

To the given log tan add 5*314428, and from the sum sub- 
tract two-thirds of the decimal portion of the log sec of the 
arc whose log tan is nearest to that given, and the remainder, 
rejecting 10 from the characteristic, will be the log of the 
number of seconds in the arc. 

Example. 

Required the arc whose log tan is 8 23146]. 

Given log tan . = 8-231461 

Constant log , = 5 314425 

13-545886 

Log sec of nearest arc = -000063 xf = -000042 



Required are = 58' 84" = 3514" = 13 545844 

To find accurately an arc greater than 85' from its log tan. 
Add to the given log tan two-third3 of the decimal portion 
of the log coseo of the nearest arc to that whose log tan is 
given, and subtract the sum from 1 5-314425 ; the remainder 
is the log of the number of seconds that the arc is less than 90°. 

Example. 

Required the are whose log tan is 11-695900. 

Constant log = 15 3J4425 

Given log tan = 11-695900 

I og cosec of nearest arc -000088 x *= "000059 

11-695959 



Required arc = 1° 9' 14" = 4154" = 3-618466 

In extracting the root or raising the power of any trigono- 
metrical quantity by means of its logarithm, it will always be 
found most convenient to reduce the assumed radius to unity, 
by subtracting 10 from the characteristic of the logarithm, 
which will frequently then become negative; it must, however, 
be borne in mind that the decimal part of the logarithm is 
always potitivc ; and therefore, if it is required to multiply a 
logarithm with a negative characteristic by any number (as 
the index of a power), first multiply the decimal part of the 
logarithm, pointing off as many decimal figures in the product 
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as there were in the logarithm, then multiply the cbaracter- 
istic, anct subtract from the product the number (if any) 
pointed off to the left in the first product: the result will 
be the negative characteristic, and the decimals pointed off ie 
the first product will be the decimal part of the required loga- 
rithm. To divide a logarithm with a negative characteristic 
by any number : if the characteristic is a multiple of that 
number, that is, if it is divisible by it without remainder, 
proceed as in ordinary division ; if, not, separate the charac- 
teristic from the decimal, and add to the characteristic a 
number which will make it divisible, and prefix to the decimal 
the same number, then divide both by the given divisor, and 
the quotients will be the characteristic and decimal of the loga- 
rithm required. An example of this alteration of the charac- 
teristic is given at page, 12. 

Although Table V. only purports to give the sines, tangents, 
&c., of angles less than, or equal to 90°, any of these functions 
of angles greater than 90° may readily he obtained, since any 
function of an angle greater than 90° is equal to the same 
function of the supplement of that angle; due regard being 
had to changing the sign, if requisite, according to Table III., 
which exhibits the value of each trigone- metrical line at the 
commencement of each quadrant, and also the sign with which 
it is effected in passing through the same. Thus, the log sin 
of 141" 15' is 9 706521, the same aa the sin of its supplement 
38° 45' ; the log sec of 95° 43' is — 1 1-001701, or the sec of 
84° 17' with its sign changed; the log cosec of the same is 
iO'OOSies, or the cosec of 84° 17', the sign remaining the 
same; and the log tan of 173° 4' is — 9-084947, or the Ian of 
6° 58', with its sign altered. 

Table VI. 
Meridional Parts. 
In nautical charts, drawn according to Mercator's projection 
of the sphere, the meridional lines are drawn parallel to each 
other, or equidistant in every latitude, as shown in fig. 1, so 
that the distance between any two meridians being assumed 
as true at the equator would be too great in every other lati- 
tude; for whereas the length of a degree of latitude really 
decreases as we approach the poles, here it is represented as 
though its length were everywhere the same. If, therefore, 
the parallels of latitude were drawn at equal distauces in 
representing any country situated in a high latitude its form 
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would become so much distorted from its breadth being thus 
increased without its length, that the country would hardly be 
recognised, and very erroneous views would be occasioned of 
its form and relative extent. Thus, iu the latitude of 60°, a 
degree of longitude is only half what it is at the equator, and 
therefore all dimensions east and west would be twice as great 
us they should be, if drawn to the same scale as those north 
and south. To correct this distortion, therefore, and preserve 
the true form of tho countries, the distance between the pa- 
rallels of latitude is increased precisely in the same proportion 
as that between the meridians ; so that on a Mercator's chart 
the relative magnitude of a degree of latitude and longitude 
i3 everywhere truly preserved ; the parallels of latitude being 
drawn more aud more distant a3 we leave the equator, as 
shown in fig. 1. 

Fi 3 . L 
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Now, the numbers in the table of meridional parts are 
nothing more than the distances of the several parallels of 
latitude from the equator, as shown on a Mercator's chart, 
expressed in minutes * of longitude at the equator. In using 

* It is hardly necessary to state that a minute is the GOth part of a 
degree, and a >econd the 30th part of a minute. 
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the table the degrees of latitude mast be sought at the top of 
the table, and the minutes in tbe side column, the meridional 
parts will then be found at their intersection ; thus the meri- 
dional parts of 27° 25' are 1712, and of 70° 8' are 7222. 

The great use of this table for nautical purposes is to de- 
termine the latitude and longitude of a ship at sea, when the 
course and distance that she has run are known. By the 
course of a ship is meant the direction in which she sails, 
estimated by the angle which that direction makes with the 
meridian. When the course makes the same angle with every 
meridian crossed, it is termed a rhumb, and this course is that 
usually adopted by navigators, in consequence of the facilities 
which it affords in ascertaining the position of their vessels. 

On a Mercator's chart any rhumb is obviously a straight 
line, because no other than a straight line would on such a 
chart cross every meridian at the same angle. Thus, if A 
and B, figure 1, are any two places between which a vessel 
sails, then the straight line A B is the rhumb upon which the 
vessel would sail to preserve the same course or make the 
same angle with every meridian crossed ; A C is the difference 
of latitude, C B the difference of longitude, and A B the 
nautical distance run. If now we set off from A towards C, 
a distance A D equal to the actual difference of latitude 
measured in degrees at the equator, and draw a line D E 
parallel to the equator, then will the lioe A E, measured on 
the equator, be the true nautical distance, and, being multi- 
plied by 60 (the number of nautical miles in a degree), will 
give the distance run by the ship, and the line D E is termed 
the departure or distance run either to the east or west. 

By inspecting the diagram, we see that A E : rad : : A D : 
cos < A, or the nautical distance is to radius as the actual 
difference of latitude is to the cosine of the course ; and also 
A B : rad : : B C : tan < A, or the meridional difference of 
latitude is to radius as the difference of longitude is to the 
-tangent of the course. 

If we put d for the nautical distance, c for the course, I for 
the difference of the latitude, x for the meridional difference 
of latitude, and L for the difference of longitude, we have, 
from the above proportions, 

rad . I = d cos c, 
And rad . L = X tan c. 
From which fbrmulsa either two of the four quantities d, c, I, 
and L being known, the others may be easily found. 
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For example, a vessel leaving latitude 25° 84' n. and longi- 
tude 61° 24' w. aaiis 543 nautical miles on a rhumb line, 
whose course is n. 42° 5' E., what latitude and longitude is 
she then in ? 

Log cos c ( = 42° 6') = 9-870504 
Log d ( = 543) = 2-734800 



12-605804 

Rad . . . . = 10000000 



2-605304 =log of 400 =1, 

lheu<403 -j- 60 = 6° 43' = the ship's difference of latitude to 
the north; therefore, 25° 34' + 6° 43' =82" 17' h. is tie 
latitude she is now in. Again, 

Meridional parts for 32° 17'= 2048 
„ for 25 34 = 1588 

Meridional difference of latitude = \ = 660 
Log tan c ( = 43° 5') = 9-955707 
LogA( = 560) . — 2-748188 



Had =10-000000 



2-703895 = log of 505-7 = L, 

then 505-7 -r- 60 = 8° 25' 42" = the ship's difference of 
longitude to the east; therefore. 61° 24' — 8° 25' 43" 
= 52° 58' 28" w; is the longitude she is now in. 

Example 3.— A vessel sails from latitude 41° 20' n., and 
longitude 49° 50' w., to latitude 64° 35' n., and longitude 
10° 13' 6" w., what was her course and nautical distance ? 
Meridional parts for 04° 25' = 5097 
„ for 41 20 =2738 

[meridional 

23 5 3369 = * = J difference 
60 = Loflatitude. 

Difference of kt. = I = 1386 
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40° 50' 0" 
10 13 0 



39 38 54 
60 



log tan 45° 5' 44"= e 



log of 1962 = d. 



Length of a Degree of Longitude on each Parallel of Latitude. 

This table requires do explanation ; it exhibits the length of 
a degree of Longitude in nautical miles (each of which equals 
6075-6 feet) at every degree of latitude from the Equator to 
the Poles. 

Tables VUI. and IX. 
Dip of the Horizon. 
The latitude and longitude of a vessel is determined by 
observations made on the heavenly bodies, which observations 
consist principally in measuring their altitudes or the angle 
which they make with the horizon. The altitudes thus taken 
being compared with certain altitudes given in the " Nautical 
Almanac," in the manner more fully explained iu the " Rudi- 
ments of Navigation," enable the observer to determine both 
his latitude and longitude. It is however requisite to make 
certain corrections in the observed altitudes in order to "ob- 
tain the true altitudes 



Log L ( = 2376-9) = 3 376010 
Bad = 10-000000 



13-370010 

Log *( =3369) . = 3 374565 



10-001445 = 



Log/( = 1385) . = 3-141460 
Bad ... . = 10 000000 



13-141450 

Log cose (=45° 5' 44")= 9-848757 
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Fiff.2. 



If, in fig. 2, OCDF is a 
section of the earth, and B 
the place of an observer, 
then G E F "is the rational 
horizon, and H C I the sensi- 
ble horizon. Also, if A is the 
place of a heavenly body, the 
angle AEF is its true altitude, 
A C I its apparent altitude, and 
A B D its observed altitude. 




If the observer had been 
on the surface of the earth as 
C, then the observed altitude 
would have coincided with the 



apparent altitude, but when raised above the same, as is 
always the case at sea when the observations are made from 
the vessel's deck, the horizon dijis, or becomes depressed, as 
shown by the line B D, and the observed altitude A B D be- 
comes greater than the apparent altitude A B K or A C I* by 
the angle K B D ; the magnitude of this angle (termed the 
dip of the horizon) depends upon the height of the observe! 
above the surface of the earth ; its values for all heights be- 
tween 1 and 140 feet are given in Table VIII. The angle 
found in the Second column must be subtracted from the 
observed altitude to obtain the apparent altitude. 

The dip given in Table VIII. supposes that the view of the 
sea horizon is perfectly unobstructed. Should, however, any 
object intervene, as a coast, the margin of the sea where it 
meets the shore must then be taken as the horizon ; and in 
this case the angle to be subtracted from the observed altitude 
will be found in Table IX. under the proper height, and on a 
line with the distance of the object from the observer, which 
may always be judged of with sufficient precision by an ex- 
perienced eye. Thus, if the vessel is about 2 miles from the 
Bhore and the observer is 30 feet above the surface of the sea, 
the angle to be subtracted for the dip will he 6 minutes 



Reduction of the Moons Horizontal Parallax. 
The difference between the apparent altitude of a heavenly 

* The distance b c of the cbserver atwve the earth's surface is bo incon- 
iiderable, aa compared with ba, the distance of the body, that tfcese two 
angles may be contidered bb equal without any appreciable e.Tor v 



Table X. 



MATHEMATICAL T*BFJt8. 



body, or the aDgle whicli it makes with the sensible horizon, 
and its true altitude, or the angle which it forma with the 
rational horizon, is termed its parallax. The parallax of a 
body is greatest \vh en it is in the horizon, and it decreases as 
its altitude increases, until, when it attains the zenith, its 
parallax; becomes nothing. Thus in fig. 3 the parallax at C is 
greater than that at B, and is nothing at the zenith F. 

Fig, 3. 



c 

X 3 

\ 



The amount of the horizontal parallax: depends upon the 
distance of the body A C and upon the earth's radius A B. 
The nearer the object, that is the less A C is, the greater is 
the angle A C B or the parallax. The moon being much nearer 
to the earth than any other of the heavenly bodies, its parallax 
is much greater, and as its distance from the earth varies so 
also does its parallax ; the amount of its parallax is given in 
the " Nautical Almanac" for every day throughout the year. 
The parallax there given is, however, calculated for the earth's 
greatest or equatorial radius; and since, from the proximity of 
the moon, the decrease of the earth's radius in higher latitudes 
diminishes the parallax to such an extent as to require correc- 
tion, we have given in Table X. the amount to be subtracted 
from the equatorial parallax to give the true parallax in any 
given latitude. For example, let the earth's equatorial parallax 
on any given day, as found in the "Nautical Almanac," be 
68 minutes, what will it be for the same day in latitude 52 s ? 
Here under 58', and on a line with SSt°, we find which 
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must bo subtracted from 58', giving 57' 52"8 for the moon's 
parallax in that latitude. 

Table XL 

Augmentation of the Moon's Semidiameter. 
In makiug an observation, it is the position of the cento of 
the object which is required, but as it would not be easy in 
practice to judge with sufficient precision of its position, it is 
usual to measure to the nearest edge (or limb, as it is termed) 
of the object, and to add the angular value of its semidiameter. 
In the case of the moon, its apparent semidiameter varies con- 
siderably according to its distance from the earth, and also 
from its great proximity its semidiameter is sensibly increased 
by the parallax ; for, as her altitude increases, she approaches 
uearer to the observer, and the apparent semidiameter be- 
comes greater. Tho value of her horizontal semidiameter for 
every day is given in the " Nautical Almanac ;" aud Table XI. 
shows the augmentation of the same occasioned by an increased 
altitude. Thus, when the moon's horizontal semidiameter is 
15' 30" her apparent semidiameter, with an altitude of 51°, 
will be 15' 42". 

Tablet XII. and XIII. 
Longitude and Time. 
As the sun apparently revolves round the earth once in 
every twenty-four hours, with an equal rate, it arrives at each 
meridian at a different time. And it is on this principle that 
the longitude of a place is determined by the interval of time 
between the sun's passing the meridian of that place and the 
meridian of Greenwich. As the whole 360° are equal to an 
interval of 24 hours, any lesser number of degrees are equal 
to a proportionate interval of time, and these two tables arc 
for facilitating the conversion of longitude into time, or" vice 
versa. As an example of their use, let it be required to find 
the interval of time corresponding with a difference of longi- 
tude of 43° 13' 10". 

From 2nd column, Table XII. 40° = 2 40 

,. 1st „ „ 3° = 13 

„ 1st „ „ 10'= 40 

„ 1st „ „ 3' = 12 

., 3rd „ „ 10"= 0*687 



The time is therefore 



3 62 63-667 
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Again, if it were required to know the difference of longi- 
tude corresponding with an interval of 4 hours, 81 minutes, 
and 6 seconds; we have 

From 1st column of Table XIII. 4 hours = 60° 0' 0" 
„ Snd „ „ „ 80 mins. = 7 SO 0 

„ 2nd „ „ „ lmin. = 0 15 0 

„ 2nd „ „ „ 6 sees. = 0 1 80 



Which gives for the diff. of longitude . 67 46 80 



Table XIV. 

Parallax in altitude of the Sun and Planets. 

The horizontal parallax of the sun and planets depends 
upon their distance from the earth, and is given for every day 
in the " Nautical Almanac." The parallax for any altitude is, 
as already explained, less than when the object is in the 
horizon ; and Table XIV. is intended to give the amount of 
parallax for any apparent altitude when the amount of the 
horizontal parallax is known. In using the Table look for 
the" horizontal parallax at the head of the Table, and in the 
column at the head of which it stands, and on the same line 
with the apparent altitude, will be found the parallax required. 
For example, if the suu's horizontal parallax is 9", what is 
her parallax with an apparent altitude of 48°? Here, in ihe 
column having 9" at its head, and on the same line with 48°, 
■will be found 6", which is the sun's parallax at the time. 



Tables XV. and XVI. 

Eefraction of the Sun and Stars. 

There-is another correction rendered necessary in order to 
reduce the observed altitude of a heavenly body to its apparent 
altitude ; in consequence of the optical property of the atmo- 
sphere termed refraction. While the effect of the parallax is 
to make the object appear lower than its true place, that of 
refraction is to make its altitude appear greater. The effect of 
refraction is greatest when the object is in the horizon, and it 
gradually diminishes until at the zenith it becomes nothing ; 
it is not, however, always constant for the same altitude, but 
varies with the temperature and density of the atmosphere. 
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Table XV. gives the refraction for every ten minutes of ap- 
parent altitude, calculated for a mean temperature of 50° 
Fahr., and a menn pressure of 29-6 ins. ; and Table XVI. 
contains the correction requisite to be made for any other 
temperature and pressure. For example, what is the refrac- 
tion of any heavenly body whose observed altitude is 81" 20' 
when the temperature is 72°, and the barometer 30-35? In 
this case wo first find, from Table XV., the refraction for a 
mean state of the atmosphere to be V 35-5", we then find, 
from Table XVI., that at the temperature of 72" we must 
subtract 5", and with the barometer at SO'fid, that we must 
add 1", after which we have 1' ST5" for the required refrac- 
tion. It must be observed, that when the temperature is 
below the mean, the correction must be added, and when above, 
the mean subtracted ; also, when the barometer is below the 
mean the correction must be subtracted, but when above the 
same it must be added. The correction for the thermometer 
is found in the column having the temperature at its head, 
while that for the barometer is found in that having the 
pressured its foot. 

TalU XVII. 

Correction of the Moon's Altitude. 

As already explained, the effect of the refraction is to raise 
the object, while that of parallax is to depress it ; the parallax, 
however, being always the greater, the apparent altitude is 
always less than the true altitude. Table XVII. contains 
the difference of the refraction and parallax for the moon; 
which is therefore the correction to bo added to the apparent 
altitude to obtain her true altitude. In using the table, the 
correction will be found in the column having at its head the 
moon's horizontal parallax, and opposite to the apparent alti- 
tude. Should these not be found exactly in the table, we 
mast take the next less values, and to the number thus found 
we must add or subtract (as the case may be) a proportional 
part for the requisite number of minutes or seconds wanting, 
which are given for the altitudes in the left-hand column, and 
for the parallax in the right-hand column. For example, let 
the correction be required when the apparent altitude is 
39° 37', and the moon's horizontal parallax is 56' 24". In 
this ease the next less numbers to these in the Table are 
30° 30' and 56'. 



Digitized by Google 



MATHEMATICAL TABLES. 



Under 56'. and opposite 20° 30', we find 47' 1" 
Add proportional parts for parallax 20" 18 
4" 35 

17 22-5 

Subtract prop. part9 for altitude 7' 8 
Correction required ... 17 

The moon's true altitude therefore equals 29° 54' 19"-5. 
Ex. 2. What is the moon's true altitude when its apparent 
altitude is 9° 53', and its horizontal parallax is 58" 20"? 
Under 58' and opposite 9° 50' we find . 5 1' 44" 
Add proportional parts for parallax 20" 20 
„ for altitude 8' 8 

Correction 52 6 

Therefore the moon's true altitude equals 10° 45' 6". 



Table XVIII. 

Logarithms for finding the Sograry Angle or Apparent Time, 

The use of this Table is to facilitate the calculation of the 
Apparent Time at any place, from observations made on the 
altitude of some known celestial body. The logarithms in 
the Table are twice the sine of half the arc of longitude cor- 
responding with the number of hours and minutes at which it 
stands. The manner of performing the calculation by which 
this logarithm is derived from the observed altitude is fully 
explained in the " Rudimentary Work on Navigation." Tho 
use of the Table is as follows: — having obtained this loga- 
rithm, look in the table for it, or for the next less logarithm 
to it, and take out the lime in hours and minutes as found 
(if the altitude is decreasing) at the top and in the left- 
hand column (but if increasing) at the bottom, and in the 
right-hand column. Then subtract the logarithm taken in 
the table from the given logarithm, and having added to the 
right of the difference thus obtained two cyphers, divide it by 
the nearest number in the contiguous column headed Diff., 
and the quotient will be the number of seconds to be added 
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to the hours and minutes already obtained, when the altitude 
is decreasing, and to be subtracted when increasing For ex- 
ample, what is the apparent time corresponding to the loga- 
rithm 9649321 when the altitude was decreasing? 

Given log ... . 9-649331 

Nest less log in Table 9-648913 = log of 5 h. 35 m. 



40800 3510 = 11 seconds. 

Therefore, the apparent time required is 5h. 35 s. 11 s. 

Ex. 2. What is the apparent time corresponding with the 
logarithm 9 215630, when the altitude was increasing? 

Given log .... 9-215630 . 

Next less log in Table 9-214358 = 20 rt. 49 M. 



127200 -i- 7114 = 18 seconds. 



Therefore, the apparent time is 20 rr. 48 M. 42 s. 



Table XIX. 
Common and Hyperbolic Logarithms. 

The object of this Table is to facilitate the conversion of 
common logarithms into hyperbolic, and vice versd. Its use 
is as follows : — To convert common logarithms into hyperbolic, 
write the common logarithm, as shown in the first example 
below, and then take from the second column of the Table 
the equivalent value of each figure in hyperbolic logarithms, 
taking care that the latter are each moved as many places to 
the right as the corresponding numbers in the common loga- 
rithm are ; the sum of the whole will be the hyperbolic loga- 
rithm required. 

To convert hyperbolic logarithms into common, proceed in 
a similar manner, writing the hyperbolic logarithm as in the 
second example below, and taking its equivalent value in 
common logarithms from the fourth column of the Table. 

Ex. 1. What is the hyperbolic logarithm of 3156 ? 
By reference to Table I. we find the common logarithm of 
3156 is 3-499137; then— 

o 2 
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Com. Log. 




Hyp. Log. 




8- . . . 


■ — 


6 907756 


3 


•4 . . . 




■921084 


0 


-09 . . . 


; = 


■207232 


7 


•009 . . . 




•020728 


3 


•0001 . . 




■000230 


3 


■00003 . 




■000069 


1 


■000007 . . 




•000016 


1 






8 057061 





Ex. 2. What is the common logarithm of the number whose 
hyperbolic logarithm is 5-160731 ? 

Hyp. Log. Com. Log. 

5- . . . . — 2-171472 4 

■1 = 043429 5 

-06 ..'..= 026057 7 

■0007 . . . . = -000304 0 

•00003 . . . = -000013 0 

•000001 . . . = -000000 4 



2-241277 



Table XX. 
Curvature of the Earth and Refraction. 
This Table is of use iu Geodesical operations. Practically, 
a level line on the earth's surface is a line everywhere equally 
distant from its center. It is obviously, therefore, not a 
straight line, but is a portion of a circle, having the same 
radius as the earth. . When a level, theodolite, or other in- 
strument has the axis of' its telescope so adjusted as to be 
truly level, the prolongation of that axis is not a level line, but 
is a tangent to that line, coinciding with it only at the point 
where the instrument stands, and being above it everywhere 
else. The height of this line above the true level line, if 
there were no refraction, would be equal to the versine of an 
arc whose radius equalled that of the earth, and whose length 
was equal to the distance from the instrument : these heights 
for various distances up to 30 miles are given in the second 
column of the Table. The effect, however, of the refraction 
of the atmosphere is to curve the visual ray passing through, 
the center or axis of the telescope, so that the optical axis ia 
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really a curved line which approximates very nearly to a circle, 
having a radius seven times greater than that of the earth. 
The heights in the second column require to be reduced by a 
seventh part, and the numbers thus obtained are given in the 
third column. To exemplify its use, let us suppose that an 
instrument, placed in an elevated position, has its telescope 
directed to a church tower 8 miles distant, and that when 
its telescope is perfectly level the horizontal wires are found 
to cut a point in one of the windows, which, on direct measure- 
ment, is found to be 95 feet from the ground, it is required to 
ascertain the real difference of level of the two spots. Now, 
on reference to the Table, we find the correction for 8 miles 
is 5'14, which, being subtracted from 05 feet, gives 89'86 feet 
for the actual height of the instrument above the ground on 
which the tower stands. In taking a series of consecutive 
observations, as in the ordinary operation of levelling by back 
and fore sights, to ascertain the relative level of two distant 
places, so long as no great difference in the range or length 
of the sights occurs, no correction for curvature or refraction 
need be made, for when the sights are actually equal no error 
arises in the ultimate result. 

Tables XXL, XXII., XXIII., and XXIV. 
Trigonometrical Exprewione. 
These Tables require no particular explanation. Table XXI. 
contains exquivalent expressions for sin a, cos a, tan a, cot a, 
tec a, cosec a, versin a, and will he found of considerable use 
in reducing formulae containing trigonometrical expressions. 
Table XXII contains expressions, the sin, cos, tan, and cot, 
of multiple arcs. Table XXIII. contains a variety of formulas 
relating to the trigonometrical functions of two angles or arcs. 
And Table XXIV. contains expressions for the sin, cos, tan, 
and cot, in terms of the arc, and for the arc in terms of the 
sin and tan, and also expressions for the powers of the sin 
and cos. 

TabU XXV. 

Fig. 4. The formulas given in this Table are in- 

tended to enable all the six parts of a plane 
rectilineal triangle to be determined when 
any three of those parts were previously 
known. When either a side or angle is 
wanted it will only be necessary lo make 
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A or (3 the Bide or angle as the case may be, and to insert 
in the formula the proper values of those letters which are 
known, which will then express the value wanted. For ex- 
ample, in a triangle, two of whose sides are 23 and 35 feet in 
length, and the angle included between is 51°, what is the 
length of the third side? In this case we have given B, C 
and a, and want to find A, we must, therefore, select a formultB 
containing only those letters ; we find, accordingly, No. 7 gives 

A = ^(B* + C"-— 2 B.C. cos a.) 

We have B = 23,C = 35, cos 51°= -62932; inserting these 
values, we have 

A = V(23 a + 35 3 - 2 x 28 x 05 x -62932) = 27-217, 

which is the length of the side required. 



Table XXVI. 

The formula given in this Table are to facilitate the solu- 
tion of quadratic and cubic equations, in order to which it is 
only necessary to substitute for p and g their known values in 
the formulas when the value of x will be determined. By 
way of example, let it be required to find the value of x in the 
cubic equation aP + 3a:— 536 = 0. We see by reference to 
the Table that this corresponds with equation (6) in the 
Table, p being equal to 3, and q to 536. Then, if we substi- 
tute these values in the second expression, it becomes — 




therefore, a = 0° 12' 30", and 4« = 0° 6' 18"; 
Then, 

Tan 0 = \/ tan (6' 18") ; 
therefore, g = 7° 1' 5", and 2 B = 14° 2' 10", 

and, 

a = 2 . cot (14° 2' 10") = 8, 

which is the true value of x. 
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TabU XXVII. 

This Table contains the differental coefficients of some of 
the moat frequently-occurring functions of «, and will be found 
to include all the rules for simple differentiation. 

TabU XXVIII. 
This Table contains a variety of constant numbers of 
frequent use in general calculations ; it also contains their 
logarithms to seven places of decimals, and the arithmetical 
complements of the same. The latter will be found of use in 
cases where it is required to divide by the numbers in the 
Table. 

TabU XXIX. 

To reduce the Sun's Declination to any given Meridian, and to 
any time under that Meridian. 

In the "Nautical Almanac" the sun's declination is given 
for each day at noon at Greenwich; it is, however, necessary 
for the purposes of navigation to ascertain its declination at 
any other meridian, either at noon or at any other time of 
the day. In either of theso cases, having obtained the declina- 
tion from page II. of the month, in the " Nautical Almanac," 
the correction to be either added or subtracted therefrom, 
according to the directions given below, may be found in the 
following manner. 

I. If ike sun s declination is required for some other meridian 
at noon, reckon the difference of longitude between that me- 
ridian' and Greenwich, then look for this difterence in the 
first left-hand column of the table, and on the lino on which the 
same is found, and in the vertical column having at its head 
the nearest number to the declination already taken from the 
"Nautical Almanac," will be found the correction required. 
It will be seen in the "Nautical Almanac," whether the sun's 
declination is increasing or decreasing ; when decreasing, add 
the correction in east longitude, and subtract it in west longi- 
tude; but when the declination is increasing, subtract the 
correction in east longitude, and add it in west longitude. 

Example. 

"What was the sun's declination at noon, on the 13th of 
November, 1850, in longitude 175° w.? 

Here we find, from the " Nautical Almanac," that the sun's 
declination at noon at Greenwich was 17° 68' 1" sonwi, and 
that it was increasing. We next look in the first column 
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of the table for tlie given difference of longitude, viz., 175°, 
but the nearest number that we find is 170°, which is 5° too 
small, and we must therefore add together the corrections 
found in the proper vertical column on both the lines having 
5° and 1 70° in the first column. Thus, in the present in- 
stance, in the column having at its head 1 8° (the nearest to 
17° 58' 1") and on the same line with 5° we find 18", and 
on the same line with 170° we find 7' 22"; these being added 
together give 7' 35" for the required correction, which, as the 
sun's declination is increasing and the difference of longitude 
is westerly, has to be added to 17° 58' 1", making 18° 6' 86' 
for the sun's declination at noon in longitude 176° west. 

II. If the sun's declination is required for Greenwich at any 
other hour than noon, reckon the interval between that lime 
and noon ; then look for this intewal in the last right-hand 
column of the table, and on the same line in which it is found, 
and in the vertical column having at its head the nearest num- 
ber to the sun's declination (from the " Nautical Almanac"), 
will be found the required correction, which, when the sun's 
declination is increasing, is to be added, if the time is after 
noon, and subtracted if before noon ; but when the declination 
is decreasing must be subtracted if the time is after noon, and 
added if before noon. 

Examples. 

What was the sun's declination at Greenwich on the 4th 
of July, 1850, at 7h. 28m.? 

From the "Nautical Almanac "we find the sun's declina- 
tion at noon to have been 22" 54' 58" north, and to have 
been decreasing. Then looking in the last column of the 
table for the net-rest number to 7 h. 28 m., we find 7 h. 20m., 
and on the same line in the column headed with 23° (the 
nearest number to 22° 54' 58") we find 1' 30", and in the 
same vertical column on the same line with 8 m. we find 2", 
therefore the correction is 1' 32", which, as the sun's declina- 
tion was decreasing, and the time after noon, has to be sub- 
tracted from 22° 54' 58", leaving 22° 53' 20" north for the 
sun's declination at the hour required. 

What was the sun's declination at Greenwich on the 24th 
of August, 1850, at 20h. 12 m.? 

In this instance the time given, viz., 20 h. 12 m. on the 
24th is equivalent to 3 h. 48 m. before noon on the 25th, for 
wbich*aay the sun's declination . is found in the "Nautical 
Almanac" to have been 10° 48' 56" north, and to have been 
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decreasing. Looking then in the column of the table having 
at its head 11° (the nearest to 10° 43' 56") and on the same 
line with 8 h. 20 m. we find 2' 58", and on the same line 
with 28 m. we find 25" ; adding these two together, we obtain 
8' 21" for the correction, which, as the sun's declination is 
decreasing, and the time before noon, must be added to 
10° 48' 56", making 10° 52* 17" north for the sun's de- 
clination at the time required. 

III. If the sun's declination is required for some other 
meridian than Greenwich, at any other hour than noon, we 
must first make the necessary correction for the difference of 
longitude in the manner already explained, and then the 
correction for time according to rule II. 



Examples. 

What was the sun's declination on the 17th of May, 1850, 
at 5 b. 40 m., in longitude 1 2-8° E. ? 

Sun's declination (increasing) at Greenwich,! ^ fl0 ^ 3 g/, N 

at noon J 

Subtract correction for 1 20" . . . 4' 46") , _ » 
Subtract correction for 8° ... 0 19 J 



19 13 83 

Add correction for 5 h. 20 m. . . 8' 11"; 
Add correction for 0 h. 20 m. . . . 0 12 j 



0 8 28 



Sun's declination at the time and place required 19 16 56 n. 



What was the sun's declination on the 3rd of June, 1850, 
at 17 h. 20 m., in longitude 79° w. ? 

17 h. 20 m. on the 3rd, is equivalent to 6h. 40 m. on the4tb 

Sun 's^eclination (increasing) at Greenwich, ) ^„ ^„ 

at noon j 

Add correction for 70° 1' 41"1 

Add correction for 9° 0 13 J 



C 1 63 



22 27 40 

Subtract correction for 6 h. 40 m. ... 0 2 2* 



Sun's declination at the time and plafte required 22 25 16«. 

o 3 
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When the sun is near either of the equinoxes its declina- 
tion may be less than the correction, in which case, when the 
correction is substractive, the decimation must be subtracted 
from it, and the remainder will be the sun's declination of a 
contrary name to that which it was before. 

Example. 

What was the sun's declination at noon on the 23rd of 
September, 1850, in longitude 164° e.? 
The sun's declination (increasing) at noon,} q„ y ^„ g 

at Greenwich ) 

Subtract correction for 1G0 D at noon 10' 26" 
Subtract correction for 4° ■ . . . 0 16 

Sun's declination at the place required 



0 10 41 
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3" 


1*491362 


5- 


f-70757-J 


71 


.•85.258 


9 1 


1-95904. 




1-079181 


32 


1-505150 


S* 




72 


'■85733* 


92 


1*963788 


13 


.•.'3943 


33 


1-51851+ 


53 


1-724276 


73 


1-863323 


93 


1-968483 


'4 




3+ 


1-531479 


54 


>-73*394 


74 




94 


1-973*28 


15 




35 


1-544068 


55 


17+0363 


75 


1-87506. 


95 


1-977724 


16 




36 


1-556302 


56 


1-748188 


76 


1-880814 


96 




17 


1*230449 


37 


1-568202 


57 


1755875 


77 


1-886491 


97 


1-986772 


18 


i-2S5*73 


38 


1-579784 


5! 


1-763428 


78 


1-892095 


98 


1-991226 


'9 


1-278754 


39 


1-591065 




1-770852 


79 


1-897627 


99 


'*995635 




1-301030 


40 


1-602060 




1-778151 


80 


1-903090 







TABLE III. 
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Sign 
in 1st 
Quad. 


Taluc 


■ 8iEIl d 

Quad. 


Talue 

at 
1 So". 


Sign 
in 3rd 
Quad. 


Talue 

at 
270 0 . 


Sign 
in 4th 
Quad. 


Talne 
at 
360 0 . 




0 


+ 


R 


+ 


0 




E 




0 


Fan'.'". 


0 


+ 






0 


+ 






0 




R 


+ 






R 






+ 


B 




0 


+ 


B - 


+ 


2E 


+ 


E 


+ 


0 




R 


+ 


0 




E 




0 


+ 


R 


Cot 




+ 


0 






+ 


0 






Cosec. 




+ 


E 


+ 






E 







R signifies equal to rad; « signifies infinite; 0 signifies evanescent. 
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'3 


■4 


'5 








5-463726 


57 6 475 6 


5-940847 


6065786 


6-162696 


89 59 




6-4637*6 


6505II9 


6-542907 


6-577669 


609S54 


639817 


58 


* 


76475G 


785945 


S06149 


82 5454 


843937 


S61666 


57 


3 


940847 


955088 


968876 


981240 


995205 


7007794 


5 6 


♦ 






7-08697 5 


7-097194 


7-107179 






5 




171296 


179729 












141877 




256118 






176639 






308814 


3 149B4 


311058 


327049 


33*958 












37754° 










a 9 


7-417968 


7-422767 


7-427513 


7-432108 


7-436853 


7441449 






4637*5 


468047 


472316 


476"s63 


480759 


484915 


49 


II 


505118 


509048 


5^943 


5 1 6804 


510630 


524423 


48 




542906 


546511 


550085 


553630 


557'47 


560635 


47 


¥ 
















*4 


009853 


612944 








015093 




I S 




641702 


645560 


























*7 


694173 


696710 


699253 


701770 


704173 




»9 42 


a Lg 


7-718997 


7711403 


77*3795 


7-7*6' 75 


7-728542 


7-730896 


4» 


'9 


74*477 


744757 


747015 


749281 


75'5*S 


753758 


40 




764754 




769075 


771110 


773354 


775477 


39 


21 


785943 


788006 


790059 


792103 


794' 37 


796162 


3 s 


















2 3 


8*545 1 
















843934 














a 5 


861662 






























o *7 


7-895085 


7-896691 


7-898191 


7-899884 


7-901471 


7-903054 


32 


38 


910879 


911418 


913970 


915508 


917039 


918566 


3' 


29 


9261 19 


927614 


929104 


930589 


931068 


933543 


30 


30 


940842 
955082 


942187 


943727 


945163 


946594 


948010 


*9 


3 1 


956481 




959264 








3 1 




970115 












33 






9B4B57 




987466 


988764 


16 


34 


995198 


996473 










35 


8-007787 














0 36 


8-02002I 


8-021215 


8-022427 


8-023625 


8-0248.9 




*3 


37 


O3I9I9 


033092 




035416 


036589 


037749 




3* 


°43 5° ' 


04464.1 


045781 


046916 


048048 


049178 




39 


0547SI 


055893 
066861 


057003 




059113 






*> 


065776 


067942 


069021 


070098 


071171 


"9 


+1 


O7650O 


077S58 


078613 


079666 


o^ioSi 


081764 


18 


41 


08696J 


087997 












43 


097183 


098191 


099198 


100103 


101104 




16 


44 




I0 8i53 




110118 


11 1097 




15 
89 14 


45 




117890 


118852 


119812 


120769 


121725 






9 


■8 


■7 


■6 


■5 
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Tabke IV.- 


— LOGABIIH. 


no Sines. 








■6 


7 


■8 


■9 


1-0 








6'3o8824 


6-366816 


6 '41 7969 


6'463726 






667846 










58 




878699 




9108S4 




940847 








7-031928 






7'o65786 


56 


4 


1264.84 


135824 


7 1+4967 


153922 




55 


5 


211914 




227154 


*34S78 


241877 


54 


6 


183270 


289801 


296235 


301575 


308824 


53 


7 


344539 


350*17 


3558*° 


361353 


366816 


„ S* 


8 


398224 


403245 


408208 


4131.6 


417968 


89 5i 






7-450497 


7-454952 


















505118 














542906 


48 


la 


564096 


567529 


570935 


57431S 


577668 




13 


597164 


600445 


603 604 


606740 


609853 


46 


H 


628078 


631042 


6339B6 


63691 1 


639816 


45 


IS 


656S49 


659624 


662382 


6651*2 


667844 


44 


16 


683832 


686441 


689034 


691611 


694173 


n 43 


'7 


709237 


711697 


.714144 


716577 


718997 


89 42 


□ i£ 








7-740186 


7742477 






















779694 


781787 


783870 










800183 






£06146 


38 


22 


81783" 


819749 


£21658 


8135S8 


8*5451 


37 


23 


83^35 


S38471 


840300 


841120 


843934 


36 


»4 


854657 


856419 


858174 


859911 


861662 


35 


*5 


871962 


873655 


875341 


877021 


S78695 


34 


16 


£88603 


890233 


891856 


893474 


895085 


89 33 




7-904630 




7-907766 


7-909326 






28 
























940S42 






949443 


950859 






955082 




3 1 


963407 


964779 


966147 


9675" 


968870 


18 


32 


976937 


978267 


979593 


980915 


982*33 


27 


33 


99005 3 


99' 349 


992636 


993919 


995198 


26 


34 


£■002795 


8*004048 


£■005298 


8-006544 


8-007787 


„ * s 


35 


015168 


016386 


01 7601 


01S813 




89 14 


0 36 


£"027199 




£'019566 


8-030744 








038905 


040059 




041356 


043501 


12 


38 


050304 






053666 


054781 




39 




062507 


063599 


064689 


065776 


20 












076500 




4t' 


082809 


083851 


08489a 


0859*9 


086965 


iS 


42 


093125 


094:43 


095159 




097183 


17 


43 






105188 


106179 


1 07 167 


16 


44 


1 1 3049 




114992 


115960 




15 


45 


121678 




124579 


1255*6 


1 16471 


89 14 




'4 


■3 
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■5 










m — 










o 45 
















46 




127414 


128355 


119294 


130231 




*! 




135810 










140406 




48 




145857 


'+6759 


' 476 59 


■48557 


'49453 


- 11 








155676 


156558 


1 5743s 


158316 




S° 


162681 


163548 


164414 


165279 






9 




171180 




172980 


173827 




I755>7 


-- 8 


5* 




180547 


181380 


182211 


183041 


1S386S 


■— j 


53 


187985 


188803 


189620 


190436 


191*50 




89 '6 


















*| 


















2 1 ts 9 5 


312670 


213441 


214215 


214986 


11 5755 




57 


219581 




221 I02 


221861 


222618 


"3374 


a 


53 




227 S82 


228628 




230118 












236026 






238221 


89 0 




141855 


242578 


243300 




244741 


^4545 9 


59 






249744 


350455 


•- 151164 


251871 


252578 


58 








257492 


258190 


358887 


259582 


s 9 57 
















5* 




















276614 


277281 


277948 


278613 


279278 


179941 


M 


6 


283143 


283901 


a8 4557 


285213 


285867 


286521 


53 


7 


289773 


290421 


991068 


391713 


292358 


293002 


5* 




296207 


296845 


297482 


2981 1 8 


298754 


2993S8 


51 


9 


302546 


3°3*74 


303803 


304430 


305056 


305681 


5° 




308794 


309414 


310033 




311268 


311885 


49 








316175 


316784 






89 48 












8-323433 




47 












3293S9 


329980 


46 


J4 


332924 


33351" 


334096 


334681 








t - 


33 8 753 


339331 


339909 


340486 


341063 


341638 


44 












346784 














351869 








l8 


35S7 8 3 


356340 


35 6S 9S 


35745° 


3 5 B004 


358558 


4 1 


r 9 


361315 


361864 






363508 


364054 






366777 


367319 


36786? 


368402 


368943 




88 39 














1( '374843 




































34 


387962 


388479 


388995 


'Si 1 ? 


390025 


39°S39 


35 


















26 


398179 


398684 


399188 


399691 


400194 


400696 


33 


= 7 


403199 


403698 


404196 


404694 


405191 


405687 


3* 




40B161 


408654 


409147 


409639 


4.030 




3i 


29 


413068 


4"3555 


414042 


414529 


4'5°'5 


4>5S°° 




30 


417919 




418883 


419364 


419844 


420324 


88 29 






'9 




■6 


■5 1 
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TABLE IV. — Logarithmic Sobs. 







"7 




"9 






0 45 


8-122678 


8-113629 


81124579 


8-125516 


8-126471 


89 14 


46 


132099 


13303° 


133959 


134885 


135810 


'3 


47 


141319 


142231 


143 140 


144048 


'44953 




-48 


150348 


151141 


152131 


153020 


153907 


11 


49 


159' 93 




1 60940 








5° 






'69S74 




171*80 


9 


5 1 


176359 


177200 


178039 


'78877 


179713 




5 1 


184695 


1855*0 


186343 








53 


191873 


193683 


'9449 1 


195297 






0 54 




8-201695 


8-202488 


8-203280 


8 '2040 70 


s 


i 55 


108783 






211119 


211895 


4. 


5^ 


■ 116513 


117289 


118055 


218819 


219581 


3 


57 


124118 


21488 1 


225634 


226384 


227133 




58 


231603 


*3*343 


233082 


233810 


2 34557 




S9 


238951 


239679 


240405 


141131 


241855 


89 0 






246 893 


247607 


248321 


249033 


59 




253284 


253988 


154691 


*S5393 


256094 


5 s 






260970 








88 57 


1 3 


8-167158 


8-167841 


8-268522 


8-269202 


8-169SS1 


56 


4 


373933 


274605 


275275 


27S94S 




55 


S 


280604 


281265 


381935 


281585 


183243 


54f 


6 


187173 


187825 


288475 


189125 


289773 


53 


7 


»93=45 


194287 




295568 


296207 


5 1 






300654 




301916 


302546 


5' 


9 


306306 


306929 


307552 


308173 


308794 


50 




312500 


313115 


313719 


3 1 434 1 


J '49 54 


49 






319214 


319819 


320423 


321027 






8-314630 


8-315228 


8-325825 


8-326421 


g'327016 


47 


'3 


330571 


331160 


33'749 


33*337 


332924 


46 


'4 


33643, 


337012 


337593 


338i74 


338753 


45 


IS 


342213 


342787 


34336o 


343933 


3445=4 


44 




3479'9 


348485 




349616 




43 


*7 


35355 ' 


354"° 


354669 


3552i6 


3557»3 


42 




359' 11 


359 66 3 




360765 


361315 


41 


'9 


364600 


3 6 5'45 




366234 


366777 


40 






370560 






372171 


88 39 




8-375375 


8-375907 


8-376438 


8'376 9 69 


8-377499 


38 




380664 


38119° 


38171+ 


382239 


382762 


37 


aj 


385889 


386409 


■ 386927 


387445 


387962 


36 


114 


391053 


391566 


391078 


391590 


393101 


35 


*5 


- 39 6t 55 


396662 


397168 


397674 


398179 


34 


26 




401699 






401199 


33 




406183 




407173 


407668 






18 


411112 






412579 




3" 


■ 29 


415985 


416469 


416953 


417436 


417919 


3° 


30 


420S04 




411761 


422139 


422717 


88 29 




■4 


3 
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Sine 




Tang. 


Cotang. 


Sec. 


1) 


Cosine 




















60 
































0 








940847 


059153 


940847 


«59'53 


0000 




0000 


57 




7-065786 


12-934214 


7-065786 


12-934214 


0000 


0 


0000 


56 


5 


162696 




.62696 










55 


6 


241877 


758123 


241878 


7P122 






9-999999 


54 


7 


308824 




308835 


691175 






9999 


53 


S 


366816 


633184 


366817 


633183 






9999 


89 52 


0 1 


7'4* 79"" 




7"4"797° 








9-999999 






46372; 




































S429 06 


457094 


542909 


457091 


000a 




9997 


48 




57766a 


422332 


577672 


422328 


0003 




9997 


47 




609853 




609857 










46 




639816 
667845 


360184 


639820 










45 


16 


33 2 '5S 


667849 


332151 






9995 


44 




694173 


305827 


694179 


305811 






9995 


89 43 








7-719003 








9'999994 




*S 






































7 8 5943 


214057 




214049 


0008 




9992 


39 




806.46 


'938S4 


806155 


193845 


cb 09 




999 1 


38 




825451 


•74549 




174540 








37 




8 43934 




843944 








9989 


36 


z 5 


861662 


138338 


86 1674 


138326 






9989 


35 


»fi 


878695 


1*1305 


878708 








9988 


89 34 




7 * s 95°°5 




7-B95099 








9-9099 87 






















19 




















940S42 


059158 


940858 


059141 




S 
* 


9983 


30 


3 J 


955081 


044918 


955100 


044900 


ODlS 




9982 


29 




96887a 


031130 


9688S9 








9981 


28 




982233 


017767 


98"53 


017747 






9980 


=7 


34 


995198 


004802 


995219 








9979 


26 


3i 


8-007787 


11-992213 


8-007809 


11-991191 






9977 


89 15 






11-079979 










9-999976 






















3* 




950499 














39 




945219 
















065776 




065806 


934'94 


OO29 


% 


997-1 


30 


4t 


076500 


923500 


076531 


923469 


C0 3 J 




9969 


"9 


4i 


086965 


9'3°35 


086997 


9»3°o3 


OO32 




9968 


18 


43 
44 


097183 


9028.7 


097117 


902783 


O034 






■7 


107167 


892833 
BS3074 


107202 


891798 


OO36 




9964 


lfi 


45 


1 16926 


116963 


883037 


co; 7 


3 


9963 


89 1; 




Cosine 


Secant 


Cotang. 


Tang. 


Cos. 


D 


Sine 





90 Peg. 89^ Peg. 
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Deg. 


%*.BLE V.- 


Loa. Sines, etc. 






Deg. 




Sine 




Tang. 


Cotang. 


See. 


D 


Cosine 


















9999963 




46 












3 


















3 










855047 


144996 


• 855004. 


0042 


3 








846093 


153951 


846048 


0044, 


3 








162681 


837319 


162727 


837273 


0046 


3 


9954 




51 


171*80 


8187=0 


171328 


S28672 


0048 


3 


995a 


9 




179713 


820287 


179763 


810237 


0050 




9950 




53 


187985 


S1Z015 


188036 


Si 1964 


005a 




9948 


89 7 




8-196101 












9-999946 
















3 




5 












00S0 


3 










780419 


"964? 


780359 


4 










771866 


227195 


771805 


006 1 








j c 


234557 


7 6 5443 


234621 


7 6 5379 


0064 


4 


9936 




1 0 


141*55 


75 8l 45 


241921 


758079 




4 


9934 


as 0 




>49°33 


750967 


249102 


750898 


0068 




9932 


59 




156094 


743906 




3743835 






9929 


88 58 














4 






















fg 














4 




55 






716757 


283313 


716677 


0080 


4 










710227 


289856 


710144 










f 


196107 


703793 




703708 




4 


99'5 


1* 
St 


9 


302546 


697454 


302634 


697366 


0087 


4 


99*3 




308794 


691106 


308884 


691116 






99io 


5° 


11 


3*4954 


685046 


3i5°46 


684954 


0093 


4 


9907 


88 49 














4 


9 99990 j 


































4 
5 










661247 


338856 


661 144 


0103 












655496 


344610 


655390 


0106 


5 
5 






j. 


3501S; 


649819 




649711 


0109 


5 


9891 


43 


if 


3557*3 


644217 


3S5 S 95 


644105 






9888 


42 


'9 


3 6l 3'S 


638685 


361430 


63S570 


0115 




9885 


41 




366777 


633123 


366895 


633105 


01 18 




98S2 


88 40 
















9 999 s 79 
















5 


















J 












38S092 






S 










606899 




606766 


0133 


S 












398315 


601685 


0136 


5 
S 






2" 


403 195 


596S01 


403338 


596662 


0139 




9861 


33 


>i 


408161 


591839 


408304 


591696 


0142 


5 


9858 


31 


29 


41306S 


586932 


413213 


586787 




s 


9854 


3' 


30 


417919 


58108! 


418068 


581931 


0149 




9S51 


BS 30 








Cotang. | Tang. 


Cob. 


D 


Sine 




89^ Deg. 












88£ Deg. 



es 





Deg. 
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9'5 






962 
961 








914 


648460 










913 






960 
959 
958 


63663! 






911 












910 


6468 it 








353716 


905 
90S 
907 


646374 


365090 




634910 


1364 


354,171 


645719 


365664 


957 
955 
954 
953 
95* 
95i 
9S° 
945 
948 


634336 


'393 


3548ii 


645185 


36623; 


63376; 


1412 




9°5 










H(Q01 


904 


644095 


367381 


63161s 


14B1 




903 
























901 
899 
898 
S97 
£96 


641476 












369661 






358603 


641397 


370131 


945 
944 

943 

94* 
94' 


629768 




359'4' 


640859 


370799 






359678 


640321 


371367 
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36075; 


893 


61024^ 


17149f 


627to' 


1-4-8 


361287 


,«9* 
891 










361811 


63817; 






1807 




890 
889 
888 






940 


625807 


1837 




637^ 


37475f 


939 
938 




1867 


363412 


887 
885 


636578 


375319 


937 




1S97 


3*3954 


636046 


37588i 


6241 19 
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364485 


6 355'5 


376441 


933 
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613558 


1957 


365016 


8 84 
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88a 

S80 
879 
*77 


634984 


377003 


622997 


1987 




^3445'1 








366075 


633915 


378111 


61187! 


2047 


366604 


633396 


37S681 


93 1 

930 


6*1319 


1078 


367131 


632869 


379 2 39 




2108 


367659 


631341 


379797 


9*9 




2138 




63,815 


380354 


928 


61964^ 


2168 


Cos. 


D. 


Sec. 


Cot. 


D. 


Tang. 


Cos. 



13j Peg. 



9-98 
■ 9'57 



8607 
S578 
8548 
85,9 
8489 
8460 
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, 7953 

7922 
, 789* 

7861 
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13j Peg. 
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3' 


368711 


31 


3^9= >>' 


33 
























>3 39 


37^94 


40 


3734>4 


4' 


37593* 


4 a 
















* 








13 4.8 


377549 


49 


378063 


5° 


57^-7 


S l 




5- 




















'3 57 
58 






59 


383(68 


14 0 


383675 










3 


385192 




385697 






14 6 

7 


3 S '.! - 


387:07 






9 


3SS711 




3S9211 




3897 I ! 


13 


390:iO 


'4 


"i9'- ?<■ ' 
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!-;-,: 1 j 
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(>:.;,<) y" 

61:45 
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6;,, Jy-j 
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619376 
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617S48 
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0 Hi i 3 - 
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614808 
614303 
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612793 
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fi 1 .: ; S 9 
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3S-154 
3^-9"- 

38: 

3^575 
3> , ;;!i9 
3*3^. 
3^34 
3847S6 
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3v~^- 

390815 
39:361 
391903 
39-447 
391989 
39353: 

394-73 
394^4 
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39(694 
3'/"-33 
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397S46 
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39S919 
399+55 
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.;<-■£■ 5 ?..} 
4OIO5S 
4OI59: 

4O1656 
,}0; 18- 

404149 
4-477S 

Cot. 
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*i68 




7832 


30 


(■1 yOyO 


2199 




7801 


19 














2260 




77AO 


*7 










26 






































7588 


76 aa 


614663 


-443 




7557 




614111 


2474 








61356* 


1504 




7496 


'9 




















'7 










16 
































609730 


1711 




7*79 




609185 


:-;i 




7148 


\l 


608640 


2783 




7117 






















a 




















6 


'i - \ - 7 


















604S46 






6998 




!'.-..( 3-!' 


3°33 




696; 




603767 


3064 




6936 




60311^ 


3096 
















59 




3 J 59 






5- 




















56 












60OOIO 


31S6 




6714 


54 


599476 


3317 






53 


59S94I 


3349 






5- 


59840( 






6619 


5 1 




34'3 




65S7 




597344 


3445 




6555 


45 


59i:.S!- 


3477 




6513 


48 


5961S1 


3509 




6491 


47 


59575' 


354' 




6459 


46 


5.^7.-. 


3573 






7S 45 


Till!-. 
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D. 
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D. 
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9-98 




14 15 

16 


391206 


SaS 


608794 


404778 


S8z 
881 
8S0 
879 
878 
877 
876 
875 
874 


5 9 "s7" 




5; 


6427 


45 


39'7°3 




608297 


40530E 


594692 


3fcS 


6 i95 


44 


17 


391199 


827 
826 
825 
824 
823 
S21 
82 1 
820 




405834 


594' 6 4 


3637 


6363 








60730' 




59310! 


3669 


54 
54 
54 
54 
5-1 

54 


6331 


4" 


j 




60680c 


40 &1 9s 

40741^ 


592581 


3701 
3734 
3766 


6166 


4 1 












3798 




38 








403997 




383' 


6169 




14 24 


39565B 




60434a 


409521 


874 
873 
S72 


590479 


3863 


54 
54 
54 
54 
54 


f;g 


36 


^5 


396)50 


819 
81S 




410045 


589955 


3S96 
3918 




35 


26 


396641 




603355 


410569 


589431 


6072 


34 


27 




817 








3961 








3^132 


816 


60237c 


41161; 


871 
870 
869 
868 


588385 


3993 


6007 


3a 








601889 




587863 




5974 








815 
814 


601400 


41265* 




4058 


54 
54 
55 
55 
55 

55 
55 
55 
55 














867 


586821 


4091 




29 






813 
812 


600425 




586301 


4124 


5376 


75 28 


«+ 33 


400062 


811 


599938 


414215 


865 


585781 


4'57 


5843 




34 


400549 




59945' 


414738 


864 
864 
863 
862 


585262 


4.1 89 


5811 
5778 




35 


401035 




598965 


4'5 I 57 


584743 


4222 








809 
808 
807 
8o6 








4-255 




^3 


VI 


401001 


59799^ 


416293 


583707 


4188 


S712 












S61 

S60 




4321 










805 
804 
803 






582674 


4354 














859 
858 


582158 
581641 


4387 
4420 


5613 
5580 




14 4a 


404420 


802 
801 


59558a 


418873 


857 
856 
855 
855 
854 
853 
852 


581127 




55 
55 
55 

56 


S547 




+3 


40490 [ 


595099 


4'93 g 7 


580613 


44S6 


55'4 


17 


44 




8oo 
799 
798 


59461! 


419901 


580099 


45W 


5480 


16 


45 










4553 






46 


406341 


593659 


41092; 


579073 


4586 


54'4 


>4 






593 ( So 




57 8 5 6 ° 


4620 


56 


538o 








797 
79 6 
795 
794 
794 
793 






578048 


4*53 


S« 












411463 


851 




4686 


56 














85a 




4720 


56 


5180 




'4 5' 
52 


408731 
409207 


591269 
59079: 


423484 
423993 


849 
K4K 
S48 


576516 
576007 


4753 
4787 


56 
5 fi 


S J 47 

S at 3 


9 


53 


409682 


590318 


4 2 45°3 




4810 


5* 
56 




I 


54 


410157 




589843 


425011 


847 
846 
845 
S44 
843 
843 


574989 


4854 


5146 




55 


410631 


791 


58936? 


4*55 'S 




4887 


56 
J6 
5 6 






56 




790 


588894 




573973 


4921 


5°79 


4 


57 


4i '579 


789 
788 
787 


588421 


416 5 34 


5734 66 


4955 


5045 


3 


J8 




5°794° 






4989 


5 6 






59 


412514 


587476 


41754; 


572453 




56 


497 s 




60 


4121)96 


786 


587004 




571948 


5056 




4944 


7a 0 




C03. 


D. 


Sec. 


Cot. 


D. 


Tang. 


Coh. ID. 


Sine 




76| Peg. 
















75 Peg. 
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i 413+67 
1 4'393S 
, 414408 
j 4148 7S 

5 4' 5347 

6 415815 
- 416283 
: 4i6 7S i 

417117 
417684 

4.8615 
419079 
419544 
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430470 
410933 

4*1395 
4*1857 
411318 
412778 
413138 
413697 
414156 
414615 
4*5073 
425530 
415987 
416443 
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35 
'5 36 



»*7354 



419171 



' 43°°75 

t 430517 

1 430978 

< 431419 

1 431879 

41 431319 

I 432778 

44 433226 

45 43367 S 
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75 Peg. 
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587004 
586533 
586061 
585592 
585-22 
5^4653 
584185 
583717 
583149 
581783 
5813.6 
581S50 
581385 

580456 
579993 
579530 
579067 
578605 
578143 
577681 
577111 
576761 
576303 
575844 
575385 
574927 
574470 
574013 
573557 
573 1°' 
571646 
571.9: 
571737 
571*83 
570830 

570377 
569915 
569473 

568571 
568121 
567671 
567111 
566774 
566315 
Sec. 



42805: 
428557 

419566 
430070 
430573 
431075 
43" 577 
431079 

4 3 i S 8< 
433°8i 
433580 
434081 
434579 
435078 
435576 
436073 
436570 
437067 
437563 
438059 
43855+ 
439048 
439543 
440036 
440529 

441514 
441006 
44*497 
441988 
443479 
443968 
444458 
444947 
445435 
445923 
44641 1 
446898 
447384 
++7870 
448356 
448841 
4+93* 6 
449810 
45°*9+ 
Cot. 



Col. 


See. 


D 


Coa. 














571948 


5056 


57 

57 
57 


4944 


60 


571443 


5090 


4910 


59 


57093S 


5'2+ 


4S76 


58 








57 


<6qqlc 




4808 








57 
57 
57 












5+ 












5328 


57 
57 






567410 


5363 


4637 


51 




5397 


4603 


5o 


5 66410 


543' 


57 
57 
S7 
57 


4569 


+9 
+8 




(too 


+S35 


56till 








-640Z2 


553+ 


4466 


46 




5568 








5603 


58 










5! 
58 






561933 


5671 




+3*8 


42 


562437 


5706 


58 

ss 


4194 


4' 


561941 


574' 




4*59 


40 


<6ontl 




58 




39 




5810 


^ 










58 






559964 


58SQ 


53 


+110 


36 






5° 










58 
58 






558486 


S9S5 


58 


4015 


33 


55799+ 




3981 


31 


557503 


6054 


58 
58 


394* 


3' 








39" 








5S 










58 

59 
59 
59 
59 






























55+°77 


6 3 00 


3700 


24 


553589 


6336 


3664 


13 




6371 




3639 




551616 






3594 






6441 


55 




10 


551644 


6+77 


59 


35*3 


J 9 


55"59 


6 5 '3 


59 


3487 


18 


550674 


6548 


59 


345* 


'7 


550190 


6584 


59 


34i* 


16 


549706 


6619 


59 


3381 


74 15 


Tang. 


Cos. 


D 


Sine 
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D. 
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Tang. 


D. 


Cot 


Sea. 


D 
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15 45 


433675 


745 
744 
744 
7+3 
74* 


566315 


45°i9+ 


806 


549706 


6619 


59 


9-98 
338i 


15 


46 


434111 


565B78 


450777 


805 
804 
803 
8o» 


549113 


66;; 


3345 


'4 


47 


434569 


565431 


451260 


548740 


6691 


59 

5c 
60 
60 
60 
60 
60 


33°9 


13 


48 


435016 


564984 


45 '74' 


54 8 i57 


6727 


3*73 


11 












3138 






43590s 






802 
801 
800 












+3635; 












9 


5 1 


436798 


7+i 
740 
740 


t6 31 °? 


45366!: 


546331 


7 


3'3° 


■ 










799 
799 
798 
797 
796 
796 
795 
79+ 
793 
793 

79* 
791 

790 
789 
788 
788 
787 
786 






3094 


74 7 


15 54 


437686 


739 
738 
737 
7J 6 
736 
73S 
73+ 
733 
73a 


56*314 


454618 


545371 


694* 


60 
6a 


3058 


6 


55 


438129 


561871 


455*°7 


544893 


6978 


3011 


5 


56 


438571 


5614x8 


455586 


544414 


7014 


60 
60 
60 
60 
60 
60 
61 
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57 


+39°M 


560986 


456064 


54393 f 


7050 


1950 


3 
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439*9 * 
















+4°33^ 




45749*' 








74 0 
















59 








45 a 449 






1769 


73 58 


16 3 


441658 


731 
73* 
730 
719 
718 
717 
7*7 
7*6 
7*5 


55 8 34* 


+58915 


541075 


7167 


61 




57 


4 


441096 


5579°4 


459400 




7304 




x6$6 


S<> 


g 


441535 


557465 


459875 


540115 


734° 


ji 


2660 


55 




441973 


557°*7 


460349 


539651 


7376 


61 


2614 


54 






556590 




539*77 


74' 3 


6t 


1587 


53 
















1551 


51 










538130 
53775 s 


75'3 


61 
61 

6! 


2514 
2477 


5' 
50 














61 


*44' 


73 49 


16 11 


44559° 


7*+ 
7*3 
7*3 


5544'° 


463186 


78S 
785 
78+ 
783 
783 


536814 


759 6 




2404 


48 


'3 


446025 


553975 


463658 


536342 


7633 


61 
6. 


2367 


47 


14 


446455 


55354' 


464119 


53587' 


7669 




*33i 


46 


ii 


446895 


7» 
7*1 
710 

719 
718 


553'°7 


464599 


53 54°' 


7706 


61 


**94 


45 










5349 3 1 




61 
61 


1157 


44 














62 
6* 
62 
61 
62 


43 


18 








781 
781 






1183 


42 




449°54 






780 
780 


5335*4 
533°55 






4' 

73 +0 




449485 




55°5'5 


4674'3 


779 
778 
77 8 

776 
775 
77S 
77+ 
773 


531587 


79*8 




39 
38 




449915 


716 
716 


550085 


4678S0 


532110 


7965 


6s 
62 

5a 
61 


20J5 


13 


45°345 


549655 


468347 


531653 


SOD! 
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37 


*4 


450775 


7>5 


549*15 


46SS14 


531.86 


8039 


196. 


36 


*5 


451104 


714 

713 


548796 




5307.20 


8076 


1914 


35 


26 


451631 


548368 


469746 




81 14 


1886 




*7 


451060 


7>3 


547940 


470111 


5i978<, 




61 
63 
6* 


1849 


33 
32 


28 


451488 


712 
711 


5475 "i 


470676 


529314 


8188 


1812 


» 9 


+5*9< 5 


547085 


4711+1 


518859 


8 226 


'774 


3' 


3° 


453341 


546658 


471605 


518395 


8163 


1737 


73 30 




Cos. 


D. 


Set 


Cot. 


D. 


Tang. 


Cos. 


D. 


Sine 





TliDeg. 
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D. ICosoc. 






Cot, 
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16 3° 

3 1 
V- 
33 
34 
35 

3<i 

37 
38 
16 39 
40 
4" 

+3 
44 
45 
46 
47 
16 48 
49 
5° 
51 
5* 
53 
54 
55 
56 

16 57 
58 
59 

17 0 

3 
4 

5 

t 7 6 
7 
8 
9 

13 
14 
'5 


21 
45334" 
453768 
454194 
454619 
45504.., 

4"vl"9 

45-S93 
45631' 
456739 
457161 
45-5S4 

4;iuoo 
458427 
458848 
45')2'>S 
4596SS 
46QIQS 
460517 
463946 
461364 
461782 
462199 
461616 
463032 
46344S 
4" 

464279 
46465; 
465:0! 
465522 

4"i'H f 

46717: 
467585 
467996 
468407 
468817 
469227 
469637 
470046 
470453 
47086 
47' 27 
47167. 


710 
710 

7- 'J 

-a 

707 
"°~ 

705 
704 
704 

703 
702 

701 
701 

699 
608 
698 
697 
696 
695 
695 
694 
693 
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6 9 2 
6 9 . 
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689 

688 
688 
6;-; 7 
686 
685 
685 
684 
683 
683 

6S1 

680 
679 
678 


54665S 
5-r 6i 3" 
545806 
_S 4 5 3 y : 
54495" 
544551 
544 107 
543684 
543261 
541838 
542416 
541394 
54=573 
541152 
540731 
540312 
539S92 
539473 
539054 
5vjr» 3 r> 
53S218 
5378°. 
537514 
536968 
53655* 
536136 
535731 
535306 
534892 
5 3447 B 
534065 
53365" 
533239 
531827 
53Mi S 
532004 

531593 
53ii8; 

53036; 
5*9954 
5*9543 
52915- 
528729 
52832 
57.-91. 


21 
471605 
472.-1.1^ 
471531 
+7=99 5 
4734v 
473919 
4743'*' 
47+ S +- 
475303 

475763 

476683 
477142 
477601 
478059 
478517 
478975 
479431 

479889 
480345 

480801 

4S1257 
48.712 
481167 
4S262I 
483075 
483529 
483982 
484435 
484887 
485339 

4 S6 79 ' 
48669; 
487143 
487593 
488043 
4,^49- 
488941 
48939c 
48983a 
49 -'-^ 
49073 

49162 
4 "J- " 7 


77", 
771 

77* 
771 
770 
769 
769 
768 
7 67 
767 
766 
'M 
765 
704 
763 
763 

7 6» 
7 6t 
761 
760 
759 
759 
758 
757 
757 
756 
755 
755 
754 
753 
753 
75* 
75' 
75 1 
750 
749 
749 
748 
747 

746 

74'= 

745 
744 

& 


528395 
52.-952 
; 4-46 2 
527005 
521,545 
526081 
525619 
525158 
524697 

514137 
523777 
523317 
5; 2S5H 
522399 
521941 
521483 

5I '°6B 

519655 
519199 

jiS7+3 
51S2SS 
5'7S33 
517379 
516925 
516471 
516018 
5i55 6 5 
5"5"'3 
514661 
514109 
5'375S 
513307 
512857 
512407 

5"957 
5.1508 
5"059 

510162 
509714 

519. Mi 
JoS*2. 
50837 
5=791 


8263 

8301 
8338 
837s 

84' 3 
84s ' 
8488 
8526 
8564 
8601 
8619 
8677 
S71- 
8753 
8791 
8819 
8867 
8905 

8943 
8981 
9019 
9058 

9'34 
9173 
921 1 
9150 
9188 
93*7 
9365 
9+°4 

944* 
9481 
9520 
9558 
9597 
9636 
9 fi 75 
97 '4 
9753 
979* 
9831 
9870 
9909 
994? 


i 

03 

>; 

'3 
63 
63 

63 

>i 
63 

63 

"3 
63 

'3 

"4 
64 
64 
64 
64 
64 
64 
64 

6+ 
64 
64 

64 
64 
64 
6+ 
64 
»- 
65 
65 
65 
6, 
65 
65 

65 
6; 
6, 
65 
65 


? 1 
"737 

!(„;,, 
1662 

16*5 
'587 
15.19 
IS" 
■474 
1436 

-399 
1361 
'3*3 
1185 
1247 
1*09 
1171 
""33 
1095 
1057 
1019 
coS. 
°94* 
0904 
0866 
0827 
0789 
0750 

lln 
0635 
0596 
"558 

£5J9 

04+2 

0403 
0364 

0315 
oz86 

0^9 
0130 

0052 


19 

iS 

27 
16 

*5 
24 
23 
73 22 

"9 
18 
'7 
16 
"5 
14 
73 "3 

9 

7 
6 
5 

73 4 
3 

73 0 

59 
58 
57 
56 
7* 55 
54 
53 
5* 
51 
5° 
49 
48 

46 

7a 45 




Cos. 


D. 




Cot. 




Tang. 1 Cos. ;D 






78* Deg. 
















7S| Deg. 
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17 ^ Peg. TABLE V — Loo Snraa, bto. 18 Peg. 







D. 


COBCC 


Tang. 


D. 


Cot 


Sec. 


D 


Cos. 




17 iS 

i6 
"7 
IS 
'9 

23 
17 24 
25 
26 

27 

28 
29 

3° 

31 

"7 33 

34 
35 
36 
37 
38 
39 
40 
4' 

17 42 
43 
44 
45 
46 
47 
4S 
49 
SO 

17 51 
5i 
53 
54 

56 
57 
58 
59 
60 


9'+ 
71086 
72491 
7*891* 
73304 
73710 
74115 
745 "9 
749*3 
753^7 

75730 
7613: 

76536 
76938 
7734< 
7774-1 
78141 

78942 
79342 

8o539 
80937 

81731 

82128 
82525 
82911 
83316 

8 37 .2 

84IC7 
84501 
8489s 

85-89 
8 .-682 
86075 
86+67 
86860 
8725' 

s r /.+3 

88434 
88814 

39595 

8 99 81 


67! 
677 
676 
676 
675 
674 
6; 4 
673 
67* 
672 
671 

669 
669 
60S 
667 
667 

€66 
66s 
665 
664 
663 
663 
662 
661 
661 
660 
659 
659 
65S 
657 
657 
656 
655 
655 
654 

653 
653 
652 
65" 
651 
650 

6« 
64S 


IOJ 
27914 

27508 

1 66°6 

2588; 
25481 
25077 
44673 
04270 
23867 
23464 

22660 
22159 
11858 

2 145 8 
2!Oj8 

20658 

20259 
19860 
19461 
19063 
18666 
18169 
1787* 

'7475 
17079 
16684 
16288 
15893 
15499 
i5i°5 
14711 
14318 
139*5 
13533 
13 140 
12749 
11357 
11966 
,,576 
1 1 1 86 

10407 
10018 


2. 
49*°73 
491519 
491965 
49341c 
493854 
494*99 
494743 
495186 
495630 
496o73 
49 6 S'i 
496975 
497399 
497841 
498181 
498722 
499163 
499603 

500920 
50E359 
501797 
502235 
502671 
503109 
503546 
503982 
504418 
504854 
505189 
505724 
506159 
506593 
507027 
507460 
507893 
508316 
508759 
509191 

510054 
510485 
510916 
5" 346 
511776 


7+3 

7+3 

7+2 

74' 
740 
740 
7+o 
739 
738 
737 
737 
736 
736 
735 
734 

73+ 
733 
733 
73* 
731 
73i 
730 
73° 
7*9 
72S 
728 
7*7 
7*7 
726 
7*5 
7*5 
7*4 
7*4 
723 
712 

722 
721 

721 

719 

7^ 

718 
7.7 

716 


507927 
507481 
507035 
506590 

5057* 
505257 
504814 
504370 

503927 
503485 
50304; 

5021 59 

501718 
501278 
500837 
500397 
499958 
499519 

499080 
498641 
498203 

497765 
497328 

496891 

496454 
496018 
495582 
495146 

4947 1 1 
494*76 
493841 
493407 
492973 
492540 
491107 
491674 
49 1 241 
490809 

489946 
489515 
489084 
488654 
488114 


I^gTS 
20027 
20066 
20105 
20145 
20184 

20263 
20303 
20342 

20541 
10580 

207S0 
20820 
20860 

10941 

£&! 

11142 

21.83 
21123 
2.264 
1.304 
21345 
2-385 

21467 
21507 
21548 

1.630 
21671 
21712 
21753 
21794 


65 
65 
66 
66 
66 
66 

66 
66 

66 

66 

66 
66 
66 
66 
66 
(,( 
66 
66 
67 
67 
67 
67 
67 

*7 

67 
67 
67 
67 
68 
68 
68 
68 
68 
68 

;s 

bi 
GS 
6?. 
6S 


9"9 
80012 
79973 
79934 
79895 
79855 
79816 
79776 
79737 
79697 

79658 
79618 
79579 
79539 
79499 
79459 
79420 
79380 
79340 
79300 
79260 

79180 
79140 
79100 
79059 
79019 
78979 

78939 
78898 
78858 
78817 
78777 
78736 
7 8 696 
7S655 
78615 
78574 
78533 
78493 
7845* 
784.11 
78370 
7|j3*9 

78247 
78206 


45 
44 
43 
41 
41 
40 
39 
38 
71 37 
JS 
3S 
34 
33 
32 
31 
30 
29 

71 28 
27 
26 
*5 
24 
*3 

72 19 
18 

\l 

15 
'3 

71 10 

9 
8 
7 
6 

4 

3 




Cos. 


D. 


Sec 


Col. 


i). 


Tang. 


Cos. 


D. 







78 j Peg. 73 Peg. 
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18 Peg. _ TABLE T.— Loo. Sinks, etc. 18j Peg. 







D. 




Ting. 


D. 


Cot. 


Sec |D. 


Cos. 






21 






9' 










9-97 




L8 o 


489982 


648 
64S 

64G 
646 
645 
644 
644. 


510018 


511776 




488124 




68 
68 


8106 


6a 




49037' 


509619 


512206 


716 


487794 




8165 


52- 




49 c 759 


509141 


5'i635 


714 


487365 


1876 


6S 
69 


8124 


58 


3 


49 "47 


508853 


513064 


486936 


1917 


8083 


S l 


4 


49'53S 


508465 


5 '3493 


486507 


1958 


$04: 


56 


5 


49 1 911 


508079 


513921 


7'4 


486075 


1999 


69 
f9 
69 




55 






507692 


5 '4349 


713 


485651 




7959 


54 


7 


491695 


5°73°5 


5 '4777 


713 


48522; 


208a 


7918 


53 






643 


506919 


515204 


712 
71a 


484796 


2123 


69 
69 




71 51 


18 9 


493466 


64*? 
641 

639 
*3!3 
6 3 8 
637 


506534 


5'5 6 3' 




484369 




69 
69 
69 


7835 


5i 




493351 


506149 


516057 


711 


483943 




7794 


50 




494136 


505764 


516484 


710 


4835.6 


2148 


775* 


49 


ii 


494621 


5°S379 


516910 


710 

7°9 
70S 
708 
707 


483090 


2189 


77" 


48 


*3 


49500; 


504995 


5'7335 


483665 


1331 


69 


7669 


47 


■4- 


495388 


504611 


5'77 6t 


482139 


*37» 


69 
69 




46 








518185 


4S1815 


*4'4 


7586 


45 




496154 


503846 




481390 


2456 


69 


7S44 


44 


*7 


496537 


503463 


5I9 0 34 


48096^ 


*497 


■;0 
70 


7503 


71 43 


18 iS 


496919 


637 
636 
636 
635 
634 
634 
633 
632 
63a 


503081 


519458 


706 


480542 




7461 


42 


*9 


4973oi 


502699 


5.9881 




480118 






7419 


4' 




497682 


5023.8 


510305 


705 
705 

703 
703 
703 
701 
702 


479695 


2623' 
1665 


70 


7377 


40 


ai 


49806.] 


501936 


520728 


479272 


70 


7335 


39 


as 


498444 


501556 


511151 


478849 


2707 


70 


7193 


38 


a 3 






S«573 


478417 


*749 


70 


7*51 


37 




499204 






478005 


2791 


7° 




36 


2 5 


499584 




512417 


477583 


2S33 


70 


7167 


35 




4999*3 


500037 




477162 


>'75 


70 
70 


7>»5 


71 34 


18 17 


500341 


631 
631 


499658 


523259 


701 
70. 

699 

699 
698 
698 
697 
697 
696 
696 
695 
695 

693 
693 
693 


476741 






7083 


33 


iS 


50072. 


499279 


523 680 


476320 




70 


70+J 


31 


»9 


501095 


498901 




4759oo 


3001 


70 
70 


6999 


31 


30 


501476 


620 
fao 
628 


498524 


524520 


475480 


3°43 


6957 


30 


3' 


501854 


498.46 


5*4939 


475061 


3086 


70 


«9'+ 


29 


3* 


501131 


497769 


5*5359 


474641 


3128 


70 


£872 




33 




62S 
fa? 


497393 


525778 


474112 




71 




17 


34 


501984. 


+97016 


526197 


473803 


32 [3 


7 1 


6787 




35 


503360 


626 


496640 


526615 


473385 


3*55 


7' 
7' 


67+5 


7i *5 


>8 36 


503735 


616 


496165 


517033 


472967 






6702 
6660 


14 


37 


5041 10 


625 
625 

623 
613 
621 
fas 
621 


495890 


S37451 


471549 




7' 


*3 


38 


504485 


4955'5 


517868 


471131 




7 1 


£617 




■ 39 




495140 


528285 


471715 


I426 


7' 


*574 




4.0 


505134 


494766 


518702 


471198 


3468 


7 1 


6532 


10 


4» 




494392 


529119 


47088 [ 


35>i 




°^9 


'I 




505981 


4.94015 




470465 


3554 


7 1 




43 


506354 


493646 




470050 


3596 






'7 


44 


506727 






469634 


3639 


7 1 


6361 


16 


45 


507099 


492901 


530781 


469119 


368: 


7* 


6318 


71 15 




Cos. 


JJ. 


Sec. 


Cot. 


D. 


Tang. 


Cos. 


D 






72 Deg. 
















m 


Deg. 



91 



18| Deg. 




TABLE V.— Lou. S 








1ft 






Bine 


D. 












— 








Si 






9" 










9 '97 




IS 45 








530781 






3681 




6318 




46 






531196 


468S04 




7" 






+S 






S31611 


468 3S5 


3768 


71 


6»3a 




508114 


619 


491786 


532025 


6yo 




381 1 


72 
71 


G189 




49 


508585 


618 


491415 


53=439 


689 
689 
688 
688 




3854 


6146 




5° 
5' 


508956 




491044 


532853 


467147 


3897 


7a 




10 


509326 


617 


490674 


533266 


466734 


394° 




6060 


9 


5i 


509696 




490304 


533679 


466321 


3983 






8 


S3 


510065 




489935 


534092 


687 


46590! 






5974 


71 7 








489566 




687 






71 




6 


55 




615 












5SS7 




56 


511172 


615 


488828 


5353i8 


686 


464671 


4156 








57 


511540 


614 


488460 


535739 


685 






7* 
7* 


580° 




• J8 


511907 


6,3 


488093 


536150 


463850 


4=43 






2 


59 


5 '"75 


6,3 


487725 


536561 


6S4 
6S4 


4^343; 


4x86 


71 


57H 


1 






61a 
611 
611 


487358 


536971 




433° 


7 a 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 
73 

74 

1A 
74 
74 


5670 


71 0 


513009 


486991 


537382 


683 
683 




4373 


J6»7 


59 




JI337S 


486625 




461208 


44'7 


;;83 


70 58 




JI374 1 


610 


486259 


538202 


6S2 














6=8 
6c8 

606 
605 


485893 


538611 








56 




51447a 


485528 


539010 


68 1 










i 


S14837 


485163 


539429 












? 


515201 


484798 


539837 


6S0 










s 


5'55 6 ^ 


484434 


540145 


eso 


459755 


4679 


S3** 


5* 


9 


515930 


484070 


540653 


679 
679 
678 


459347 


47 = 3 


S*77 


51 




516294 


483706 


541061 


458939 


4767 


5*33 


5= 




516657 


483343 


541468 


458532 


4811 


S*8 9 


70 49 






601 
601 


482980 




678 
677 
677 
676 
676 
675 
675 
074 
674 














481618 


54118 c 












517745 


4B1155 


541688 








46 


15 


5.8107 


481893 


543094 










16 


518468 


481532 


543499 










'7 




481171 


S439°5 


456095 


S°75 


49=5 


43 


18 


519190 


480810 


544310 


455690 


5120 


48 80 


42 


J 9 


5*955' 


480449 


5447 '5 


455i8s 


51% 


4836 


41 




519911 


480089 


545" 9 


454881 


5*08 


47j» 


70 4c 




520171 


S99 
J99 


479729 


545514 


6 73 
6 73 
67* 
672 

f 1 


454476 




74 
74 
74 
74 
74 
74 
74 
74 
74 


4748 






479369 


5459* 8 








38 


r 


510990 




54633: 


453665 












478651 


54673; 




5386 


4614 


36 


*5 


521707 


59S 
598 
597 
596 


478293 


547' 3* 










26 




477934 


547540 










2 7 
18 








452057 


55*9 


4481 


33 


522^1 


4772(9 


54834! 


45'655 


5564. 


4436 


3i 


29 


513'38 


476862 


548747 


451153 


5609 


4391 


3 1 


3° 


5=3495 


595 


476505 


549149 


669 


450851 


5653 


4347 


70 3° 




Cm. 


D. 


Sec. 


Cot. 


D. 


Tang. | Cob. 


D 


Sine 





111 Peg- ™i De 8- 



10 j Peg. 



TABLE V.— Log. Sixes, : 





JL 


19 3° 


5=3495 


31 


5=3*5= 


32 




33 












3 e 




37 


5 = 59-4 






19 39 


516693 


40 


5:7046 


+1 


s 






43 


- - 5 ' - : ; 










v> 








19 48 


519864. 


49 


530215 


S° 


53°5 6 5 


























19 57 


533°°9 


58 


533357 


59 


533?°4 


ao ■■■ 


534QS 1 




534399 




534745 


3 




4 


53543 s 


5 




20 e 


536129 


7 


5 ;"■!■-■ 


8 




9 


537163 








53785' 




538194 


'3 


53853S 


'4 


53E8S0 


IS 


539**3 




Cob. 



47" 3^5 
476 14S 
47579= 
4754 3*' 
4.750*1 
4747 = 5 
474-37' 
474° 1 " 
473^6 
4.73307 
47=954 
471600 
472147 
471895 
47>S4= 
471190 
4 7-*3v 
470487 
470136 
4697S5 
469435 
469085 

+6K3S6 
; ;f'S( 
4676BB 
467339 
46699 : 
4 3 

2 f/' 

465948 

4656. 

465255 

464908 

464562 
464217 
46387 

46352.6 
463182 

46=837 
462493 

462149 
461806 

4*^777 



5-!9>49 
54955° 
54955 
55-=3S' 
55°75* 
551152 
55*35= 
55'95^ 
55=35' 
55=75° 

553'49 

55354* 
553946 

•54344 
55474^ 
555' 39 
555536 
555933 
5563=9 
5567=5 
557121 
5575'7 
5J7y.5 
558308 
55870: 
559097 
55949 
559885 
5602.79 
560673 
561066 
561459 

5'' = -' 44 

563419 
56381: 
56+20: 
56459- 
564983 
565373 
565/63 
566153 
566542 
56693- 
Got 



gQj- Peg. 



Cot. I Sec. |D.l Coa. 



450851 

45-45° 
45-49 
+4964* 
449-4* 
.:.}^:.^ 

44*-;-;* 
44S048 
447649 
447250 
44685 
44645- 

4-1 '-54 
445656 
445=59 
44486 
4444 fi 4 
444067 

44367 
443=75 
442879 
442483 
442087 
44169: 
4.41 .-.yS 
440903 
440509 
440115 
439721 
439327 
438934 
4385+' 
43.-il.iy 
437756 
437364 
43697: 

43658 
436189 
43579* 
43S408 

435°'7 
4346=7 
434^37 
433847 
433458 
433°68 
Tang. 



70£ Peg. 



09| Peg. 



93 



20£ ; 


)eg. 




TABLE V.— Log. g 


IKES, BIO. 




21 Deg. 




Sine 


D. 




Tang. 


D. 


Cot. 


Sec. ID 


Cos. 






9" 






9 1 










9'97 




ao »s 

16 
17 
.18 

iO 

*3 

10 14 
«S 
36 
17 
zS 
*9 
30 
3> 
3= 

ao 33 
34 
3S 
36 
37 
3* 
39 
40 
4' 

10 41 
+3 
44 
45 
46 
47 
48 
.45 
5° 

10 51 
5* 
53 
54 
55 
56 

I* 

I 9 
60 


539213 
539S 6 5 
539907 
5402+9 
5+0590 
S409JI 
5+1271 
5+1613 
541953 
54«93 
541631 
542971 
5433'° 
543^49 
543987 
544315 
544663 
5+5000 
545338 
545674 
5+601 1 
546347 
5+6683 
5+7019 
S47354 
547689 
5+8024 

34*359 
548693 
549 01 7 
54936o 
5+9695 

550359 
550691 
551014 

55J356 
551687 
551018 
551349 
551680 
553oio 

55P70 
554000 
554319 


570 
570 
5 6 9 
569 
56M 
568 
567 
567 
566 
566 

s i s 

564 
56+ 
563 

563 
562 
56l 
561 
S6l 
560 
560 

559 
559 
558 
558 
557 
557 
55* 
556 
555 
555 
554 
554 
553 
553 
55* 
55* 
5Si 
55' 
S5i 
SSO 
55o 
549 
549 


460777 
+60+35 
+60093 
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'4 
'5 
16 
17 
14 18 
'9 

*3 

*4 
25 
26 

14 17 
28 
29 
30 
3' 
31 
33 
34 
35 

«4 3 6 
37 
3» 
39 
40 
4' 
41 
43 
44 
45 


y6 
□9313 
09597 
09880 
10164 
10447 
10719 

1 1294 
n S7 6 
1185! 
11411 

H702 

"9*3 
13164 
'3545 
13815 
14105 

14385 
14665 
14944 
[5313 
15501 
157|1 

1633! 
16616 
16894 

'745- 
177*7 

1818 

1855! 

1SS34 
19m 
19|8 
1993 

1048 
1076 
1103 
2131 
1158 
a 186 


♦73 
47a 

47 = 
47 = 
471 

+7> 

470 

47" 
470 
469 
+ u 9 
469 
46S 
46S 
4»7 
467 
467 
466 
466 
466 
465 
465 
465 
464 
464 
464 
463 

463 
461 
46a 
461 
461 
461 
461 
460 
460 
460 

459 
459 
459 
458 
458 
+57 
i" 
+5! 


'Q'3 

(0403 
90110 
{9836 
89553 
89471 
88988 
88706 
88414 
88141 
87860 
87579 
S-^i 
87017 
86736 
86455 
86175 
85895 
85615 
85335 
85056 
84777 
84498 
84119 
83940 
S3661 
83384 
8] 1 06 
81818 
3 = 55* 
81173 
81996 
81719 
81441 
8n6f 
S0S9 
8o6ii 
8o3| 

797S 
7951 

ir-i 
7S./> 
7 868 
7841 
7'-n 


>.;>9 = 3 

-'■i5 ;u 3 
'49'"' -- 
649941 

fl5-:.:;.K] 

650959 
651-97 
651636 
651974 
»5:jl- 

6=r--' : - 

653316 
653663 
654000 
654337 
654674 
655011 
655348 

OoU'J 

656010 
6 5 66 56 
65736: 
657699 
65E034 
658369 
658704 
65903s 
65937 
65970 
66004 

66071 
104 
6G137 

66137 

66304 
66337 
66370 


566 
566 
566 

;li6 
565 
565 
565 
564 
564 
564 
5<-\3 
563 
563 
5" 3 
562 
561 
S 6i 
56, 

56l 
56, 
561 
560 
560 
560 
559 
559 
559 
559 
558 
558 
558 
558 
557 
557 

!i 

1 
«! 

,S 


35'4i7 

35'°77 
35-737 
35-5^ ;; 
35C05S 
349719 
349 3S0 
349=4' 
3+S--3 
34S364 
i+S 

3476*8 
34-7350 
347-"i = 
34 li ''"4 
>W" 
34«--"~ 
345 6 6 3 
345316 
S44'.> S 'J 
344 i'5- 
3443 16 
3439S0 
343644 
343308 
34:97i 
34^636 

34130 
341966 
34163 
341296 
34096 
34062 
34029 
33995 
33962 

339 2 9 
33*95 
33862 
33S19 
33795 
33761 
33729 
33695 
33661 

_ ]2^L 


39270 
39316 
39381 
39439 
39495 
:.') = =,- 
39608 
39665 
39711 
39778 
39835 
39891 
39948 
40005 

40175 
40131 

40346 
40404 

4°S75 

4c6 3 2 

40747 

40863 
40919 
40977 
41035 
4109* 
41150 
.} 1 

41313 
41381 
4143S 
4149- 
4155 
1 +"6l 
4167 
S 4171 
5+178 
3] 4184 
1 Cos. 


?4 

H 

n 
94 
94 

>4 

9+ 
94 
9+ 
94 

J5 
95 
J 5 

95 
95 
95 
95 
95 
95 
95 
95 
95 

95 

95 
96 
96 
96 
96 

\ 9 t 
■>< 

y 
9 

9 
9 

In 

r 
9 

' 

] 


5>'9 

: 

ic6r8 

1 ..44S 
"-39 = 
60335 
60279 

55995 
5993 s 
59S82 
59825 
5976S 

597" 
55654 
59596 
59539 
594S2 
59415 
59368 
59310 
59153 
59195 
59 '3 s 
590S1 
590"-3 

;:;.-)■.;:■! 
58850 
58792 
58734 
5S677 
58619 
5856. 
58503 
58445 
58387 
58315 
- 5S17 
5821 
7 5»'5 
. Sim 


60 
59 
58 
57 
56 
55 
54 
53 
65 51 

51 
5o 
49 
48 
47 
46 
45 
44 
65 +3 
+* 
+1 
40 
39 
38 

II 
35 

65 34 
33 
31 
3 1 
30 
19 
18 
17 
26 

65 *5 
14 
13 

19 
18 

\l 
65 15 


1 voa. 
66 Deg. 


\\ 


Sec 
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9' 






ii 






if.' - 4 




995 






621861 


4.56 
456 


378139 




554 
553 


336193 


1846 




Si 54 


15 


46 




377S65 


664039 






97 


8096 




47 




37759' 


664371 


335619 


1962 


97 


803 8 


>3 


48 




377318 


''''''47'- j 


335297 






7979 




49 
5° 


623229 


455 


377044 


665035 


555 
553 
55* 
55" 
Si* 
55' 


3 3-iV (, 5 


2079 




792.1 






376771 


6r>5-hi 


334634 


11 57 




7863 




5' 


62350! 




376498 


665697 


334303 


1196 


9; 


7804 


9 


S 1 


623774 








33397' 


**54 




774 6 


8 

65 7 


53 


624047 


454 


375953 


666360 


333640 


»3'3 


9! 
9 s 


7687 






453 




666691 


55» 
55 1 

55° 
55° 
55° 






98 


7628 


6 








667021 






98 






56 




453 


375'37 


667351 


33264s 


1489 


98 
98 


75" 


4 


57 
5« 


625>35 




374865 




332318 


2548 


745* 


3 


615406 


45* 


374594 


668013 


331987 


2607 


9S 


7393 


2 


59 


625677 


454 


374323 


OtiK ;4 ; 


5 3 '657 




98 


7335 








374052 


fifiSi'17: 


; 3! ;:.S 


2714 


98 


7*76 


G5 0 






3737S1 


669001 


550 


33-9^ 


1783 




7217 


59 




(tlb.yj. 


45i 


373510 


669332 


549 
549 


330668 


1841 


98 
98 


7' 58 


64 58 




626760 


450 




669661 


549 
54s 

543 
548 
547 
547 
547 
547 






98 






4 




372970 


669991 


33000; 


2960 


9* 


704c 


56 


5 




«o 


37270a 


670310 


329680 


3019 


6981 


55 


6 


617570 


371430 


670649 


329351 


3079 


99 
99 
99 
99 
99 
99 


6921 


54 


7 




■149 


372160 


670977 


329013 


3"3« 


6862 


53 


8 




37189. 




: !•(..,.. 


3197 
3*5« 


6803 


5* 


9 


62S378 


448 
448 


371622 


671634 


328366 


6744 


51 




618647 


37 '353 
371034 


671963 


318037 


3316 


6684 


t S ° 




628916 


672291 


317709 


3375 


661; 


64 49 










546 
54« 
546 
546 
545 
545 
545 
544 
544 
544 
544 
543 
543 
543 
543 
54* 
54* 
54* 


3173S1 




99 
99 

9! 


6566 


48 




61945; 


447 

447 














'4 


6i 37 2i 


370279 


673174 


_;:.o-2< 


3553 


6447 


46 


>5 


'''-■99 : >i 
630257 


446 


370011 
3 6 9743 


673602 
673929 


326398 
326071 


36-3 
3673 


6387 
6327 


45 
44 


'7 


630524 


369476 


674157 


3*5743 


373* 




43 




630792 


445 


369208 


674584 


3-54i6 


379* 




4* 


'9 


631059 
63,326 


36S941 


674910 


325090 


3852 




6148 


41 




445 


36S674 


675237 


314763 


3911 




6089 








36S407 
















631855 


444 


36S141 


675S90 










38 






444 


367875 


676216 


3*3784 








37 


24 


''>;-39 ; 


444 
443 


367608 


6 7 6 543 


3*3457 


41 j 1 


IOC 


584S 


36 


25 


632658 


3 5 734* 


676S69 




421 1 




578s 


35 




632923 


443 
443 


367077 


677194 


323^31 


4271 








=7 


633189 


366S11 


677520 


322480 


4331 




5665 


33 


28 


633454 


44* 
442 


366546 


677846 


322154 


439' 






32 


*9 


633719 


366281 


678171 


31.829 


445* 




554* 


3' 


30 




442 


366016 


678496 


321504 


45" 




5488 


64 30 




Cob. 


D. 


Sec. 


Cot. 


D. 


Tang. 


Cob. j D. 
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TABLE V. — I.OQ. Sinks, et 






■2GI Deg. 




Sine 


D- 




Tung. | 


a 


Cot. 


Sec 


I). 


Cos. 




25 3° 

3' 
3^ 
33 
34 
35 
36 
J7 
38 
*5 39 
4° 
4' 

43 

45 
46 
47 

49 
5° 
5' 
5 2 
53 
54 

P 

15 57 
58 
59 

25 0 

3 
4 
5 

26 6 

7 
S 

10 

■ >! 
1 '5 


il 

6339S4 

634514 

"5477* 
<"';53-" 

"3 ;: v54 
636097 

(>;!■;<■'■- 
636623 
636SK6 
637148 
6374.1 I 
637673 

"5"95 5 
638197 
638458 
63S720 
638981 
639147 
639503 
639-64 
6+002.; 
640:8^ 
640544 
64080; 
6+106+ 
6+1324 
6+15S4 
641842 

6+2360 
6+2618 
6+2877 
6+3135 

64339 
6+365C 
6+390 

64442 

6+46 8 
6+493 
64519 
64545 
64570 


441 

44' 

4+0 

44° 
440 
439 
439 
439 
43 8 
43« 
438 
437 
437 
437 
+37 
436 
43° 
430 

+35 
435 
435 
454 

434 
434 
+33 
+33 
433 
431 
43* 
431 
+31 
43' 

43' 

43° 
+30 
43° 
43° 

■l.-.y 

419 

4*9 
42 

4*7 


,'n'iui G 
3 6 575' 

i„JM2 

;".;y5 ;,: 

■ i>4"94 

-,ij+:,c 

-i -4 '(''-> 

363903 

363640 
3*3377 
3"3"4 

;(-- :5 Sy 
36131; 
;!.;. l,i 
361803 
3615+2 

36075S 
i»-4v~ 
360236 
359976 
359716 

35945 6 
359196 

358936 
358676 

3584'6 
35S158 
357899 
157'''t 
357382 
;,i-i7. 
356865 
35660- 
35035 
35609 
35583 
35557 
3553* 
35506 
13548a 
35455 


JT 

(3- 

67 Bin 

679146 

(.71)47 ' 
<.-r, 79 ; 
fi ;u:: i 

6So;6S 
681092 
681416 

682063 
t3^;K- 
682710 
6Sjc 3 3 
«3-3i 
6S3679 

684324 
684646 
684968 

6856?! 
685934 

('S(i2^i 

SSi:"" 
6S6898 

687540 
68786. 
638l8l 
6SS502 
688S23 
689I+; 
689+6' 
68978; 
69OIO 
69C +2 
6907+3 
69I06 
69T38 
69I7O 
69201 

<>r->i 
69265 
69197 


54= 

54' 
54' 
54' 

54' 
540 
54° 
54° 
54° 

53.9 

5 3!) 

539 
539 
538 
538 
538 
538 
537 
537 
537 
537 
536 
536 
536 
536 
535 
535 
535 
535 
534 
534 
53+ 
534 
533 
533 
533 
533 
533 
53* 
53* 

S3 3 ' 
53' 
53' 
53' 


-'5-4 
-"79 
:oii; + 
,205:9 

3,988c 
319556 
319235 
318908 
318584 

317937 
317613 
317290 
316967 
3166+4 
316311 
315999 
315676 
315354 
315031 
314710 
3143^ 

313745 
313+23 
313102 
31*781 
312460 
311139 

31181! 

311+98 
311177 
310S57 
310537 
310217 
30989- 
309577 
yv--i 

308615 
30830c 
30798 

3°734-, 
30702 


'°'°4 
4512 
457* 
4632 
4693 
4" 5 3 
4814 
4*74 
4935 
4995 
5056 
5"7 
5'77 
5238 

5-"<J 
5360 
5421 
5482 

55+3 
5604 
5665 
5726 
S787 
SM 
5910 
597' 

6155 

627S 
6340 

6463 
6525 
6587 
6648 
6710 
6 77 » 
6834 
6896 
6958 

'-^2 

7105 


10; 
103 
103 
103 
"■. 
1=3 
103 
1, 
10 

ir. 


995 
Us a 

54a! 
5368 

5307 
5547 
5186 

3065 
5005 

494+ 
4SS3 
4823 
4702 
4701 

4579 
45'* 

4+57 
4396 
4335 
4*7+ 
4213 
4151 
4090 
4029 
39°8 
3906 
3845 
3783 
3722 
3660 
3599 
3537 
3475 
34'3 
335* 
3190 
3**8 
3166 
3104 
304a 

2918 
*855 
2793 
2731 


30 
29 
28 

■ =7 
26 

*5 
24 
23 

64 2* 

'9 
18 
'7 
16 
'5 
'4 
64 '3 

1 

7 
6 
5 

6+ + 
3 

64 0 

59 
5* 
57 
5* 
63 55 
54 
53 
5= 
5' 
5° 

48 
47 
46 
63 45 






1). 


1 See. 


Cot. 


1). 


1 Tang 




1) 




1° ' 
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26^ Peg. TABLE V.— Log Sises, etc 27 Peg 





Sine 


D. 




Tang. 


D. 






D. 








9-6 




io-; 


9" 










9"9 








427 




692975 


S3 1 
53° 
530 
530 

529 

5*9 
5*9 






104 










54C3S 








52606 






4621a 


537K1 


6936?) 


306388 


47394 


104 
104 

ioi 

105 
[05 

j^- 


43 


18 


46474 


53526 


693930 


306070 


47456 


52 544 


4* 


'9 


467*9 


53*7' 


69414 i 


30575* 


47519 


52481 


41 




46984 




53016 


694.5 6 £ 


3°5434 


4758' 


52419 


40 




47140 




52760 


694883 


305117 


47644 


52356 


39 




47494 




52506 
52251 




304799 


47706 


52294 




*3 


47749 




695518 


304482 


47769 


5223. 


63 37 








695836 






52168 


36 






424 














26 


485 12 


414 


51488 


69647c 


5*8 
528 


303530 


47957 


52043 


34 


17 


48766 


423 


51234 


.696787 


303213 


48020 


51980 


33 




49020 




5098c 


697103 


528 


302897 


48083 


10; 


51917 


32 


*9 


49174 




50726 


697420 


J18 
5*7 


302580 


48 146 


51854 


3" 


30 


+95*7 




50473 


697736 






51791 


30 


3" 


49781 


501 1 9 


698053 




301947 


4S172 


i°i 


5 '728 


29 


3* 


5003+ 


422 


4.9966 


698365 


<27 

526 
5»6 
5 26 


301631 


48335 




51665 


63 28 










698685 




48398 




51602 








411 








48461 


105 
105 




26 


35 
36 




411 


4920? 


699316 


3006S4 


48524 


51476 


*5 


51044 


421 


4.8956 


699632 


300368 


48588 




51412 


24 


37 


5"197 


420 


48703 


699947 


526 
526 


300053 


48651 


K-J 
IO6 


5 '349 


*3 


38 


5*549 


48451 


700263 




199737 


48714 


51286 




39 




48200 


700578 


5*5 


199422 


48778 




51222 




40 


5105: 


+ '9 


47948 


700891 


5*5 


299107 


48841 




5»59 






51304 




47696 


701 *ol 


5*5 
5*4 
5*4 
5*4 
5*4 
5*4 

52* 


298792 


48904 


I06 


51096 


63 19 


26 41 










4S968 




51032 


iS 






41K 






298163 










4+ 


S3°5'i 




702 1 52 


297848 


49095 


50905 


16 


45 


5 3 . = ■ 


418 




702466 


^97534 


49159 


50841 


'5 


46 


53553 


46442 


702780 


297220 


49212 


lOf 


50778 


14 


47 


53808 


+•7 


46192 


703095 


296905 




lot 


50714 


"3 


48 


54059 




4594' 


703409 


296591 


49350 


50650 




49 


543°9 




45691 


703713 


196177 


49414 




50586 




5° 


5455* 




4544* 


704036 


295964 


49478 


;t 

107 
107 


5052* 


63 I0 


26 51 












4954* 


50458 


9 






416 




704661 




49 606 


50394 


8 










522 






107 


50330 


7 






4>5 






522 




49734 


107 




6 


55 


55805 


415 


4419; 


705603 


5** 


194397 


4979_8 


107 
107 


50*33 


5 


5 6 


56054- 


+ '5 


43946 


705914 


5* 1 










57 


56302 


414 


43698 




521 


29377* 


49926 


107 


50074 


3 


ss 


5<>55' 


414 


43449 


706541 


5" 


293459 


49990 


107 


50010 




59 


S 6 799 


414 


43201 


706854 


5*i 


293146 


50055 


107 


49945 


63 0 


60 




413 


4*953 




521 


292834 


50119 


498S1 




Cos. 


D. 


Sec. 


Cot. 


0. 


Tang. 


Cos. 


D. 
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Sine 


1). 




Tang. 


D. 


Cot 


Sec. 


D. 


Cos. 




37 o 

3 
4 
5 
6 
7 
g 

27 g 

'3 

IS 
16 
"7 
»7 i« 
'9 

*3 
i+ 

25 

26 
17 27 
28 
*9 
3° 
3' 
31 
33 
34 
35 
17 36 
37 
38 
39 
4° 

4* 
43 
44 
45 


r 
65704.7 
6577.95 
657542 
657790 
658037 
658284 
658531 
658778 
659025 
659271 
659517 
659763 
660005 

660991 
661236 
6614S1 
661726 

662455 

66294! 
663190 
663433 
663677 

66 39 6 C 
664401 
664648 
664891 
665133 
665375 
665617 
665859 
666100 
666342 
666583 
666804 
66706; 
667305 
667546 
667786 
6680*7 


+13 
+13 

4.13 
412 
4.12- 
4.1 1 

4.1 1 
410 
4.10 

409 
409 
409 
409 
408 
408 
408 
407 
407 
407 
407 

405 
405 
4°5 
405 
404 
404 
404 
403 
4°3 
403 

401 
401 


34*953 
342705 
34^458 
342110 
341963 
341716 
341469 
341222 
340975 
340719 
340483 
340237 
33999' 
339745 
339499 
339254 
339009 
338764 

338519 
338i74 
338030 
337786 
317541 
337297 
337f>54 
336810 
336567 
336323 
336080 
335837 
335594 
335352 
335109 
334867 
3346i5 
334383 
334H' 
333900 
333658 
333417 
333176 
332935 
331695 
33H54 
332214 
331973 


21. 

70747s 
707790 
708102 
708414 

709037 
709345 

709971 
710282 
710593 
710904 
711215 
711525 
71.836 
712146 
712456 
712766 
713076 
713386 
713696 
714005 
714314 
714624 
714933 
715242 

71555' 
715860 
716168 
716477 
716785 
717093 
7 1 7401 
717709 
718017 

718325 
718633 
718940 
719248 
719555 
719862 

720476 
720781 


510 
5*o 
5*0 
520 
S'9 
S'9 
S'9 
5>9 
S>9 
SiB 
5,8 
518 
S i8 
S"8 
517 
517 
517 
5'7 
Ji6 
516 
5'6 
5'6 
516 
S'S 
5'5 
515 
5*5 
Si4 
514 
5»+ 
S'4 
5'4 
S'3 
5"3 
Si3 
513 

Si3 
512 
512 
512 

5" 
S" 
5" 
5" 


292834 
292522 
292210 
291 898 
291586 
291274 
290963 
290651 
290340 

2897J 
289407 
2B9096 
288785 
288475 
288164 
287854 
287544 
287234 
286924 
286614 
286304 
285995 
2S56S6 
285376 
285067 
284758 
284449 

183832 
283523 
283215 

282599 

2819S3 
281675 
28.367 
281060 
280752 
280445 
280138 
279831 
279524 
279217 
2789" 


'°'°5 
0119 
01 S 4 

0312 
0377 
0442 
0506 
0571 
0636 
0700 
0765 
0830 

1025 

"55 

1*85 
1350 

1481 
1546 
[612 
1677 
»743 
1808 

1874 
1940 
2005 
2071 
"37 

mi 

*335 

2467 
2533 
2599 
2665 
*73* 
*797 
2864 
2930 
2996 
3 c6 3 


107 
107 
107 
10S 
io3 
lot 

LoB 

tot 

108 
108 
IO8 

IO9 
109 
109 
109 
I09 
109 
109 
109 
109 
I09 
109 
109 

111 


9"94 
98S1 
9816 
975* 
96S8 
9623 
9558 
5494 
9419 
9364 
9300 
9*35 
9170 
9105 

8975 
8910 
8845 
8780 
87,5 
S650 
8584 
8519 
8454 
S388 
8323 
8*57 
8192 
8126 
8060 
7995 
79*9 
7863 
7797 
773i 
7665 
7600 

7533 
7467 
7401 
7335 
7269 
7203 
$136 
7070 
7004 
'V; 7 


60 
59 
58 
57 
56 
55 
54 
53 
62 52 

51 
5° 
49 
48 
47 
46 
45 
44 

6* 43 
V- 
41 
40 
39 
38 
37 
36 
35 

62 34 

33 
3* 
3' 
30 
19 
28 
27 
26 
62 25 
24 
23 

20 
i| 

17 
16 
62 '5 




Cos. D. 


Sec. 


Cot. 


IX 


Tang. 


Cos. 


D. 


Sine 




83 Peg. 63; 


Peg. 



103 



27 1 Deg 



TABLE Y. — Log. Smsa, e 



S8j Dog. 



668027 
668.67' 400 
668 506 4 



t'fi'j.;.'!^ 

665703 

6701 8 1 
6 7 04 ! y 

07c S 96 
671134 
671371 
67 1 lict, 
6718+7 

672321 
671795 

673:6s 
673505 

6 7374< 
673977 
674213 
674448 
6746S4 
6749 1 9 
6 75'55 
"7 3 3 of 
6756:4 

"73^y 

r.7lii<i+ 
67632S 
67656: 
(WlViijfi 

677030 
677264 
677498 
677731 
677964 
678197 

67X.; ;t> 
1--: : 
" Cos. 



331973 
33.733 
3 J 1494 
331154 
33'°"4 
330775 
330536 
-32:9- 
330058 
329S19 

3-954- 
3-9--;- 
328866 
328628 
32839 

327916 
3:7679 
32744"- 
3-7=^5 
326968 
32673: 
3*5495 
;.-.n-;,, 
3_-.fi..--.- j 
3*5737 
325552 
325316 
32508 

32461 

324376 

3:4141 

3139C6 

32367: 

3:3438 

323204 

32297c 

32:736 

322502 

■ 

i 322036 
I 3*1803 
, 3*'57° 
3- '33' 

Sec 



721396 

7IJ71 

722315 

7:29:7 
7*3*;; 
72353a 
723844 
724149 
7:4454 
724759 
725065 
725369 
725674 

72658S 
726S9: 
727197 
72750: 
727805 

72841 
728716 

72932^ 

7:99:9 
730133 

7 3^ = 3-3 
73083S 
73"4' 
73 H . . 
731746 
73:048 
73*35 
732653 
731955 
"33*37 
7335,-M 
733860 
734162 
7344 6 3 
7 34 7<54 

Cot. 



478911 

:;S0c. 
278198 

*77',-y 

177685 
277379 
177073 
176768 
27646: 
276,56 

*7i*5' 
175546 
27524, 
^74935 
274631 
74326 

273716 



27241,.; 
27219; 
27189, 
2715S8 
2712S4 
270981 
270677 
270374 
270c. 
.69767 
65465 

68859 
68556 
268254 
16795: 
167649 
2<>7 347 
.67045 
'66743 

166140 
.65838 
65537 

Tang. 



So:. 


D. 


Cos. 












3-"3 






■5 


3 Ia 9 






'4 


3196 


in 


6738 




ryl~, 


11. 


66 71 
















6538 










f 










3663 




6337 




373° 






5 


3797 






< 




112 

fta 


6 6 


1 


393^ 




























jS68 








S goo 








5733 




4-334 




5666 


s 




112 


559 s 


55 


4460 








453° 


112 


5464 






113 
113 
113 








5261 




4S07 


'•3 
113 




61 


487S 




5 "5 


48 


4942 


"3 


5058 


47 






4990 


.46 


(078 


113 






51* 6 


113 


: ' 


44 




"3 


■;- 




528 a 


113 






535° 


113 


4650 


41 


54.18 


"J 
114 






5486 




-o'4 


n 


J554 




4446 


38 




4377 


3 l 


5691 


4309 


36 




>4 




35 


5818 


114 


417a 




5B96 


114 


4104 


33 


5964 


"4 


4036 


32 


6033 


14 


W67 


3* 


6101 


114 


3899 


61 30 


(Jus. 


.1 >. 







624- Deg. 



61 1 Deg. 



Oigii^ofl By Google 



TABLE V.— Loo. Bises, i 



S'-'j Peg. 









9' 


aa 30 


67S663 


3' 


678895 


3 x 




33 


6 7 ') 3 - 






35 








37 


^ 


38 


05 ; ■> 


*S 39 


p¥(37 i '. 


40 


fiSt-'iK:'. 


4' 


f J S ] 1 1 ; 


42 


f>S 144 : 1 


43 


68.674 






+5 


681135 


46 




47 


682595 


18 48 


682825 


49 


683055 


5° 
S 1 


"S 


683514 


5 3 


fi ^;v-i > 


53 


683971 


54 


J';V r ";.'' 






5 6 


'■'.'H !■ 


*8 57 


684887 

bisi 15 


53 
59 


63; 343 




1^7, 




f.S ;.-(]>, 




6 K (1^.17 


3 




4 


i' M'.; .- .' 


5 






686936 


7 


6S7163 


8 




S 


6 :.{ -.111 












68B2 9 i 


'3 


6S8511 


»4 

*S 


6KS7+- 
-s 




Co?. 


6l£ Derr. 



S='337 
321105 

320*72 

!:..■-■< 140 

319944 
31971: 
3 '948 
319150 
319018 

3 " S 3 57 
31^1" 
3.8095 
377865 
317635 
317405 
3'7'75 
3 ><"".'■; ; 

3,67.1 

3.6 " 
3.6257 

3 '5-99 
3.5570 
31534.2 
3151J3 
;i 4 SS5 
3^57 
314429 

3'397 3 
3' 

3,35. r 
31329 
313064 
312S37 



"57 
3.193. 
31170; 
3 i T479 

Sec. 



Tan S . D. | Cot. I Sec. | D. j Cob. 



734 7^4 
735066 
T333"7 
735^8 
7339"^ 

736S71 
737171 
73747' 
73777 1 
73 s °7' 
73^37' 
7 3 ;-6 7 : 

7;%;i 

739=71 
73957° 
739870 
740169 
74.: 4*3 
-40767 
741 tfid 
74' 3*5 
-4 ; 11(14 

74 3 559 

7428 5S 
743156 

743454 
74375"- 
744-5'- 
7+43+3 
744645 
744943 
745240 

745538 
745S35 
746.32 



746716 
747023 
7+73'9 
747616 
7479' 3 
748209^* 



65236 
l-'49 14 
.64633 
.64332 

.63731 
163430 

■•'15 
C2519 

159S31 
159531 

.58934 
5S635 
58336 
.5S038 

^■57739 
157441 
157142 
56844 

56248 
15 395° 
5565: 

^55-57 
154.760 
25446: 
254165 

15357 
15317+ 
252977 
25168 
: 5i;34 
251087 
-5 '79 



io'°5 














3° 


6,7- 


114 


3830 


29 


6239 


: 


3-.,. 


28 


6 ; ,:. 7 




3693 


27 


6376 




3624 




^44S 




3555 


25 


6514. 


"5 


;.j.:iU 


24 


6583 


'"S 


34»7 


*3 


6651 




3348 




6721 




3 a 79 




6-9O 


"5 




ZO 


6859 


YA 


3141 


'9 


6928 




3<>7* 




6997 




3003 


'7 




2934 


16 


7136 


»5 


2864 


15 


7205 


«S 
116 
116 


2795 


'4 


7274 






7344 


ti6 


1656 


" 


74'3 




1587 




74»3 


Jti 


2517 


10 


755 3 


ill 

iit 


2448 


9 


7621 


a 37 8 




7692 


1308 


7 


7761 


i«39 




7831 
7901 


iti 
116 


2 .f, 9 
2099 


61 4 




116 




3 


8041 


'959 




Km 


"! 


1889 




S1S1 




1S19 


61 0 


8151 




•749 


59 


S 3 » 


1 '7 


1679 


58 


839' 






57 


8461 


i"7 


>539 


5 6 


8531 


1469 


60 55 


8602 




139S 


54 


867a 


117 


1318 


53 


874* 


1 '7 


•as* 


51 


8813 


1187 


5' 




117 
ui 


1117 


5° 


89S4 


.046 


49 


9°»5 




0975 


48 




n8 


0905 


47 


9 °ll 


us 


0834 


46 


yi; 7 




' 7».> 


60 45 


Cos. 


D. 







OigiEM By Guogle 
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SOj Peg. TABLE V.— Loo. Smia, to 80 Peg. 





Sine 


I). 




Tang. 


1). 


Cot. 


Sec. 


D. 








96 






9' 














3915 




376 
376 
375 
375 
375 




74850s T„, 


251791 


59237 




40763 


45 




89198 




2 5 I 495 


593°7 


118 




44 


>7 


89433 


10577 


748801 


493 
493 
493 
493 
493 
49* 
49* 


251199 


59378 


118 




43 


IS 


89648 












4°5S' 


42 




89873 




































375 
374 
374 
374 






















750281 










38 




90772 




750576 


249424 










19 24 


90996 


374 
373 


□9004 




492 
49* 
49* 
49* 
491 
49 1 
49' 

491 

49' 
49° 
490 
49° 
49° 
490 
490 

489 




5987s 




40125 


3° 


*5 


91220 






248S33 


5994 6 




40054 


35 


16 


91444 


oS 5S f) 




248538 


60018 




39982 


34 






373 

373 










"S 






38 








24794$ 


60160 


119 


39840 


12 




373 










"9 


397 6 8 








372 
37* 
37* 
37' 
37' 


0766] 








119 










07438 


752937 






119 


39625 


19 




92785 




753231 


24676; 


60446 


"9 
"9 


39554 


60 28 


19 33 


















34 




06769 


75382a 




60590 


119 


39410 




35 


934-5 = 


37' 
371 
37° 
370 
370 
37* 
369 
369 


065+7 




245885 




1 [9 


39339 


25 








75440c 




60733 


119 
120 






37 


93898 


06103 




24529' 


60805 




39'95 


*3 


3 s 




05880 






60877 




39123 








05658 




















755585 








38980 










755878 








38908 


29 41 


95007 


369 
3*5 
36S 
363 


°+993 




4% 
489 
489 
489 
488 












43 


95229 


04771 




=41535 


61237 




38763 


'7 


44 


9545° 




756759 




61309 


110 




16 






OJ"0 




242*4! 




120 


38619 




46 


9589: 


368 


o+ioi 




242655 


61453 




38547 


'4 






363 


03SS7 


75763) 


4S8 




61525 








48 




367 
367 
367 


03666 




242069 


61598 










9655.1 


03446 




4S8 








38330 


H 

60 10 








75851; 










38258 


29 51 


96995 


3^7 
366 
366 
366 
366 
365 
365 
365 
365 


0300; 


758S10 


488 
487 
487 
487 
487 
487 
487 
4S6 
486 




61815 




38,85 


9 


52 


97115 


01785 


759101 


24089? 






38113 




53 


97435 


02 5 6 5 


759395 










7 


54 


97 6 54 


01346 


759687 


240313 


62033 




37967 


* 








759979 












P 


98094. 




760272 


*397* ! 


62178 




3^822 


4 


57 


9«3'3 


016S7 


760564 


239436 


62251 




37749 


3 


5» 


98532 


0146S 


760856 


239144 


6***6 




37676 


2 


59 


9*75' 


01249 


761,48 


238852 






37604 




60 


98970 




76,439 


23856, 






37531 


60 0 




Cos. 


D. 


Sec. 


Cot. 


D. 


Tang. 


Cos. 


D. 


Sine 





60} Peg. CO Peg. 



I 3 



101} 



30 Deg. TABLE V— Lua. Smaa, etc 30| Peg. 







D. 


Coaec 


Tang. 


1). 


Cot. 


Sec. 


D. 


Co3. 






.21 






91 






10-06 




9-93 








364 
364 
364 
364 

363 
363 
363 
363 






486 
486 
486 

4-S5 
4S5 
485 
4S5 
485 


23IS561 








60 


* 


699626 
639844 


300374 
300156 


76*314 
762606 


237686 
*37394 


3615 

i638 

2761 


122 

1 23 


7312 

7*38 


57 
56 


5 




29993S 


762897 


137103 


^35 




7165 


55 


6 




199710 


76318S 


236812 


2908 




7092 


54 


7 


700498 


299502 


763479 


236521 


2981 




7019 


53 


S 




299284 


763770 


236130 


3054 






59 5* 






362 






4«5 
484 
484 

484 
4S3 








6872 








3 6a 
362 


298845 
















70136S 




70404] 






!»2 


67:5 
6652 




12 


70158; 


36* 
361 


298415 


7 6 4933 


235067 


3348 


121 


48 




701801 


298198 


765214 


2347 7 6 


34** 




657a 


47 


>4 


702019 


297981 


7655>4 


2344S6 


3495 


113 


6505 


46 








297764 


765805 


234195 


35*9 




6431 


45 


16 


701451 


301 


29754 s 


766095 


135905 


3643 


113 
123 
123 


6357 


44 




361 
360 




766385 


233615 


3716 


6184 


59 43 












4S3 
483 








6210 








360 
3&> 










123 


6136 














483 






123 






ii 


7°3533 


360 


2964.67 


7*7545 


2324.5; 


4011 


123 


5988 


39 




703749 


296251 


767834 


481 


232166 


4086 




59 *4 


38 




703964 


359 


296036 


768114 


23.876 


4160 




5840 


37 


*4 


704179 


359 
359 
359 
358 


295821 


768413 


231587 


4334 




5766 


36 




704395 


295605 


768703 




131297 


4308 


124 


5691 


35 




704610 


295390 


768992 


231*8 


4381 




5618 


59 34 






358 
358 
358 
357 






48a 




















4S2 
















29474" 




481 
481 






i*4 
124 






3° 
3 1 


705469 




7?oi4t 


229853 


4680 


5320 


30 


7056S3 


29431; 


770437 




119563 


47 54 


•*4 


5246 


29 


32 


70589S 


357 
357 


194102 


770726 


481 


219274 


48»9 


124 


5171 


28 


33 


70611a 


293888 


771015 


4SI 


228985 


4903 


124 


5<>97 


27 


34 


706326 


357 
356 
356 

356 
356 
355 
355 
355 


293674 


771303 


118697 


4978 


114 




26 


35 


706539 


293461 


771592 


481 


228408 


5°5* 




4948 


59 *5 
















114 
125 














480 
480 




































4S0 
4 8o 






125 






40 


707606 


292394 


773031 


480 
4 8o 


21696; 


54* 6 


i»S 


4574 


20 


4-' 


707819 


192181 


773321 


126675 


55°' 


i»5 


4+99 


|9 


42 


70*03:1 


291968 


77360S 


479 
479 
479 




5576 








43 




354 

354- 


291755 


773896 


126104 


56;, 


115 


4349 


17 


44 


7084.58 


291542 


774184 


225816 


5726 


125 

125 


42 74 


16 


4S 


708670 


354 


291330 


77447' 


225519 


5801 


4 "99 


59 15 




Cos. 


D. 


Sec. 


Cot. 


D. 


Tang. 


Cos. 


D. 







60 Deg. 59j- Peg. 
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TABLE V.— Log. Sines, i 



Coacc. | Tang. | D. 



70B670 
70SSS1 I 
70909+' 3 
709306 1 
709518 ^ 
7O9730 , 

7099+1 i 
710153 : 

7'0]6 4| J 

710786, 3 
710997 , 

7LI20S * 

7"+'9 , 
711629 ^ 

712050 ^ 
7 i«6o, ] 
712469' 
71*679 3 
7»aS*9 f 

71309s ; 
71330s 
71351; - 

7 137 = 6 - 

713935 : 
714144, j 

7^4-35* , 

71+56' , 
7 1 - 

71+y-S : 
7i5'86 

71539+ . 

71560= ; 
715^^9 - 
716017 * 
716224 

7H'43 = 
716639 * 
716846 3 
717053 , 
7'7i>9 . 
717466 » 

717673 : 
717S79 ; 



Cob. 



29133c 
29111;-; 

Li)Ci/;.(j 
.'.9^694 

894*5 

S8581 
.8837, 
588:61 
.87950 
.S7740 

18731 
,8 7 n: 
.8690: 

::■',[■..,.; 

86.183 
,86274 
,86065 
1^5856 
2S5648 
185439 

*S*3 

.850*1 

s.( ;■; 1 4 
.84606 
84398 

.S+i 91 
283983 
83776 
83568 
8336' 
S3 '5+ 
282947 
281741 
'.^■-53.1 
:.:i-23.-.; 

8*iai 
8,91 ; 



77+47: 
77+759 
775046 
775333 
775621 
77590S 
77»iy5 
770,82 
776769 

777055 
77 7.5+1 
777628 
7779'5 
7 7 8;_: 
773+37 
7787:4 
779-i'C 
779346 
77963: 
7799 '8 

7.8. .1 8 9 
7^-775 
781062. 
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18940 
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13148 
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78B170 
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17 


34 
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3°45 6 


16 
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*5 


36 
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69777 
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79° 1 5 








j 30 
130 












7907 li 


47' 
47' 
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39833 


iS 








790999 
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16 


45 


21 l6l 
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15 


46 
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'4 
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33S 
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469 
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9 
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793538 
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8 


S3 


21791 


77205 


793819 


106181 
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54 
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71 107 
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6 
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205617 


71185 
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5 
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794664 
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131 
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337 
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4 
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71896 
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5° 


5 
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72113 


131 
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5° 


11 
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201 HI 
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49 
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48 


13 
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37 45 




Cos. 


D. 


Sec. 


Cot. 


D. 


Tang. 


Cob. 


D. 


Sine 





58j Eeg. 57} P«g. 



Dm 1 J Lv Ci: 



109 



33^ Peg. TABLE V.— Loo, Smes, no. 33 Peg. 







1). 






D. 




Sec. 1 D. 


Cos. 












il 










Z21 




3a 15 




33+ 
333 


171771 
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466 
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'33 
'r 
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133 






16 
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■7 
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43 


18 
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33° 
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198045 




'33 

133 
133 
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6511 
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34 


*7 
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33 


18 
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196370 
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'34 




31 
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3" 
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J' 
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3* 
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463 
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*7 


34 
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36 
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*5 


36 
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5545 


24 
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5465 


23 
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4616 
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39 
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40 
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41 
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59 
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57 '9 
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4940 
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43 
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■7 


44 
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45 


733177 
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'5 


46 
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'4 


47 
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13 


43 
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5° 
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8 


S3 
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< 
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54 
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55 


735'35 
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5999 
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4 


57 
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3 
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264281 
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188036 
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g 
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137 
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59 


B 
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3 


36691 
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46. 
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3" 
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6 
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3785s 
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459 
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11768 


5° 


ii 
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46 
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3939I 
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'9 
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pa 


60410 
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4* 
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38 










458 
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tl 
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456 
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33 
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11174 


34 


49 
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3' 
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^ 
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18 


3» 
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317 
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14 


37 
38 
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13 
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39 
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S131J0 
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« 
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S13798 
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iS 


4.1 
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43 
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»7 


4+ 
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■75381 
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19931 
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45 
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747936 ; 
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74S683 ; 
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749^43 : 

749429 : 

7496 '5 j 

749801 ; 
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. 155161 
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*53>M 
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I 15:813 
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: 5C0 i 5 
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' =49457 
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< 149080 
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, r.;.-.;.;n 
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1 147 6-, 8 
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3° 
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29 


31 
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V 
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28 


33 
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26 
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36 
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449 
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40 
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245040 
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4" 
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'9 


42 
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3+ 
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5° 
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£7 


4246 


10 
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301 




84307^ 
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8 
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30* 
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"47 
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3 


58 
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2 


59 
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448 
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35 0 
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300 


























148 
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54 
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»744 


53 


8 




239969 


847376 


[52624 


7345 




1655 


52 


9 


7602 [i 


299 


239789 


847644 


152356 


7434 


.48 
148 


2566 


51 




760390 


139610 


8479 ! 3 


152087 


75=3 




*477 


5° 


11 




299 
'98 




8481 81 


151S19 


7612 


14S 
1+8 


138S 


49 




76074.8 


239151 


848449 


I5'55i 


77°i 


"49 
149 
"49 


2299 


48 


'3 


760917 


298 
39S 


239073 


848717 


151283 


7790 




47 


14 
'5 




138894 


848986 


447 


151014 


7879 




46 


76.285 


238715 


849254 


447 


1 5°746 


7969 


2031 


54 45 




Cos. 


D. 


Sec 


Cot. 


D. 


Tang. 


Cos. 


D. Sine 





56j D.g. 54j Peg. 



OigiiizM by Google 
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35j Peg, 



TABLE V.-UB. Simb, gro. 



86 Peg. 



6i2S s a 

6I464 a 

6iSii ' 
6'999 
, 62177 
62356 
62534 
6271 
628!. 

. 63245 
6342: 
63601 
63777 
6395* 

64485 
64662 
6483 8 
«5< . 
65191 
63367 
65544 
657™ 
65896 
66072 3 

ttltl J 
66598 \ 
66774 
66949 a 
67144 
6730c 
67+75 j 
67649 , 
67824 \ 
67999 , 
68173 
68348 



68871 
69045 3 



37823 
3 7 6^4 

37460 

37*88 
37111 
36933 

3 67 5 5 

■-;4V/3 

35869 
3569: 

355'5 
35338 
35162 
349,85 
34809 
34633 
34456 

342S0 

34104 
33928 

33753 
3357? 
334°* 
33226 
3305 
32876 
31700 
3*5*5 
3*35i 

31S17 
3»6 5 
31478 
31303 
31119 
3^955 



1664 4+ 6 

'93' 

z'99 

.-■7 3 3 

13268 

3535 
.38. 

i43 3& 
,4603 

487' 
5'3! 

54°4 
567. 
3938 

:' 6 47' 

:f>7 37 



150746 
150478 

149342 
149675 
149407 
[49139 
J4jj7J 

148336 
148069 
14780 
'47534 
147267 
[46999 
(4673: 
146465 
46198 

'4593' 
45664 

'45397 

■45'3o 
+4863 
44596 

[44329 

43796 
143529 
143263 

42996 
142730 

42463 
142197 
<4'|3" 

4'398 
14111a 
40866 

140334 
40068 
3980a 
39S3 6 
39270 
3.100; 
3X739 



87969 
88058 
88147 
88237 
88326 
88416 
88505 
88595 
88685 

88774 
88864 
88954 
89044 
89'34 

89314 

8 9404 
89494 
8958; 
89675 
89765 
89856 
89946 
90037 



90399 
90490 
90581 

90763 
90854 

9°945 

91319 
91310 
91401 
9'493 
91584 
91676 
91767 
91859 
91951 



9j9 

1194a 
11853 
.1763 
u 674 
1.584 
"495 
11405 
"3'5 

vllt 

10956 
10866 
[O776 
106S6 
10596 

10415 
io3as 
1023; 

09963 
09873 
0978a 
09691 
0960. 
09510 
09419 

09337 

09055 
08964 
18873 
08781 
08690 
08559 

08233 
07958 



5-1 f Peg. 



D. I Taug. I Cob. I D. I 8ine 



54 Peg. 
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36 Peg. TABLE V,— Loo. Saras, ma 36f Peg. 







D. 




Tang. 


U. 


Cot 


Sec. 


D. 




























36 o 


769119 




230781 


861261 


443 
443 
44* 
442 
442 
44* 
44a 
442 
442 


138739 




»S3 
■53 
'53 
153 
153 
'53 
'S3 
154 
*S4 

'54 
'54 
'54 
'54 
'54 


7958 


60 




769393 


2.30607 


861527 


■38473 


313+ 


7866 


59 
S8 


a 


769566 




1304.34 


S6179* 


13 82C8 


2236 


777+ 


3 


769740 


189 


230160 


86i°i 8 


137941 




7682 


57 


4 




289 
389 














S 








8 62 5 89 










6 


770260 


389 


229740 


861854 


«37'4 6 


2594 


7406 


54 


7 


770433 


isa 
aS8 


119567 


863.19 


1368S1 


2686 


73'4 


53 






283 












53 5 a 


36 9 


770779 




229221 


863650 


136350 


2871 


7129 


51 




770951 


288 


229048 


863915 




136085 


3963 


7037 


5° 


11 

11 

13 


771115 
771298 
771470 


aS8 

2 S 7 


118S75 
228702 


864180 
864445 


442 
44a 
+4* 


13582° 
I3555S 


3°S5 
314S 


6945 
t-f,~ 


49 
48 
+7 


H 


771643 


aS 7 


218357 


=64975 








46 


"5 


771815 


287 
287 
a8 7 






441 
441 








45 




771987 










»54 
'54 
'55 
1 55 
'55 




44 


17 


772159 


187 






441 








53 43 


36 18 


772331 


286 




866035 




133965 


3704 


6290 




'9 


772503 


a86 


227497 


866300 


133700 


3796 


6304 






77167; 


3S6 


127325 


S66564 


44' 


'33436 


3889 


6iti 


40 




77=8-;-: 


286 
aS6 
286 






441 






155 
•55 
'55 
155 
'55 
'55 
'55 




39 




773018 






441 








3 8 


*3 


773190 






441 
441 
44" 










24 
















«S 


77353- 


a8 5 




867887 


441 

44° 


132113 


4355 


S64S 


35 


26 




285 
a8 5 














36 27 


773875 






S68416 


'3'584 


45+1 


.56 


5459 


33 


28 


774046 


285 
385 


225954. 


8686S0 




131320 


46J4 


5366 


32 


29 


774217 


185 




868945 


44° 
440 


'31055 


4.728 


z 5 6 
15C 
j S 6 
,;6 


5373 


31 


30 
3 ! 
V- 


7743 8S 


184 
28+ 
284. 


225612 


009472 


130527 


toil 


5 '79 


a° 


774729 






130263 








33 


774899 


28+ 


225101 


870165 


440 


129999 


5196 


'56 




37 


34 


775070 


2S4 
a8 4 


224930 


440 
440 
440 


129735 


^ 
156 




26 


35 


77524.0 


224760 


870529 


i2947i 


5289 


+7" 


S3 as 


36 36 


775410 




224590 


870793 


440 
440 

440 
439 
439 
+39 
439 




53*3 


1,6 
156 


4617 


24 


37 


775580 






871057 


128943 
128679 


5+77 


45*3 


a3 


38 


77575° 


214250 


871321 


557' 


'57 

'57 
'57 
'57 
i57 
>S7 


4429 




39 
+0 


775920 
776090 


183 
283 
283 


224080 
223910 


871585 
871849 
872112 


11841 5 
12815. 
127888 


5665 
5759 
S 8 53 


4335 
4241 


21 
i° 


4.2 


776415 


2 K 3 
2S2 


223571 


872376 


127614 5947 


4»53 


18 


43 


77659S 


282 






127360 




3959 


'7 


44 


77676$ 


181 


11323s 


872903 


1170971 6136 


3864. 


16 


45 


776937 




873167 


439 


126833] 6230 


377° 


53 ■ 5 




Cos. 


D. 


Sec. 


Cot. 


U. 


Tang. 


Cob. 


J). 


Si. Hi 




54 Peg. 
















53£ Peg. 



US 



38} Deg. 




TABLE V-— Loo. Si* 


IS, ETO. 




87£ Deg. 






D. 




Tang. 


D. 


Cot. 


See. 


D. 


Cos. 












y -8 
















g — ■ 


28a 
z8a 


2~o6 




439 
439 
439 
439 
439 
439 
439 
439 
43S 


i6T~ - 


C96230 




— 




4° 










096324 








47 


77»7i 


281 




73 b 91 




15; 




'3 






381 


■;,i';,:.<: 




2604- 


096513 






49 


7761 < 


2S1 


22387 


V422C 


25780 




'57 


903392 


j, 


5° 


77781 


aSi 


22219 


74484 


25516 


096702 


158 

' Si 


903298 




Si 


77950 




21050 


747+7 


25253 


096797 






9 


S 1 






3l88l 


75010 


24990 


096892 




903108 


8 


S3 


78287 




217)5 


75»73 


24727 


0969 86 






53 7 






280 






438 
438 
438 
438 
438 
438 
438 
438 












55 




z8o 


2i3 7<! 


75B00 


24200 






902 S24 


5 


5 6 


7871;; 


280 




76063 


: 39 37 






901729 


4 






280 
380 




76326 




097366 








5» 


79118 


=0872 




23411 


097461 




901539 


a 






279 
279 
279 
279 




76851 






'59 


902444 




37 0 


7946: 


10 J Y) 


77114 


2*88( 


097651 


•59 




53 0 








77377 




097747 


•59 








7979 s 




77640 


43 S 


22360 


097842 


■59 
•59 




51 58 






279 
279 
278 
278 
378 






438 
438 
438 
438 
437 
437 
437 
437 
437 




°97937 






57 














'59 


901967 


S 6 














'59 


901872 


55 


6 


So ■ 6- 




78691 


mog 




'59 














21C47 


ooslic 


! 5y 


901681 


it 


8 




27S 
278 
27S 

"-77 
277 
277 
277 
277 
277 
276 
376 
276 
276 










«59 








KsyC-.S 








t>985' 0 


'59 


901490 






8n 3 4 


1SB6C 


79741 


20*59 


098606 


159 
160 


901394 


5° 




Si 3 qi 


I8699 


B0003 


*9997 




160 




5* 49 


37 11 








437 
437 
437 
437 
437 
437 
437 
437 
43<5 


2973 j 


098798 


160 
160 
160 
160 
160 




48 












098S94 










IsOM 










46 


»5 
16 


8io6( 
8313a 

82298 


i 7 S6£ 


81052 
81314 
81576 


1S94I 
18686 


099182 


900914 
900818 
900722 








'753 6 


81839 


18161 




900626 








17370 


82101 


















82363 










37 *> 




3 7 S 
376 
375 

*75 
175 
37s 
275 
27s 
374 


1 7 t "-'39 


82615 


436 
436 
436 
436 
436 
43 6 
6 

436 


•7375 




161 


900337 


39 












09976a 


161 




3 8 












099856 


161 


900144 


11 












099953 


161 




3 d 


25 


8362- 


16377 


8-iw 


16328 


100049 


161 


899951 




26 


8378J 


1621a 


3 3934 


16066 




161 


899854 


34 


27 




16047 


84196 


15804, 


100243 


16] 


899757 


33 


38 


8411! 


15882 


$4457 


'5S43 


10034a 


161 


899660 


3 2 


29 


84282 


1 571 8 


84719 




100436 


899564 


3> 


3° 


84447 




849S0 




100533 


899467 


52 3° 




Cos. 


D. 


Sec. 


Cot. 


D. 


Tang. 


Cos. 


D. 


Sine 




63J Deg. 
















62j 


Deg. 



Diginzcd by Google 



116 



374 I 


eg. 




TABLE V.— Loo. S 


see, etc. 




■6ti\ 


Deg. 






D. 




Tang. 


D. 


Cot. 


Sec. 


D. 


Cos. 




37 3° 


T 
784447 


*74 
2 74 
»74 
*74 
»74 

*73 
*73 
a 73 


2!555' 


8 849 So 


4.36 
436 
436 
436 
436 
+36 
435 
435 
435 
4-35 
435 
435 
435 
435 
435 
435 
435 
435 




0533 


161 


9467 


3° 


3 1 


784612 


715388 




114758 




162 
162 


9370 


29 


3* 


784776 


71 5214 


885503 


114497 


0727 


9173 


78 


33 


784941 










162 


9' 76 


27 


34 


785105 


ZlilSqt 


SS6o2( 


1 1 30?i 


0011 


162 


9078 


26 


35 


785169 




88628s 






162 
162 


raS' 


2 5 


36 


785+33 




886549 




11 16 




37 
,3 s 


7^5597 




8S6810 






162 






785761 






11291! 




162 






37 39 


7859*5 


714075 


887333 






161 


«S9» 




40 


786089 
786252 




213911 


887594 


Willi 


1^6 


163 


8494 








713748 


887855 


1 11145 




.63 
163 


8397 


"9 


42 


786416 


271 


2=358+ 


888116 




1701 


8299 


18 


4-3 

44 


786579 




2134*1 


888377 


111621 


1798 


163 


8ao» 


17 


786741 


272 


113758! 888639 


111361 


1896 


163 


x'~t 


*z 


+5 

46 


786906 
787069 


Xjz 


713094 
212931 


888900 
889160 




'994 


163 
163 
163 






47 


787731 


177 
171 


717768 


889421 






7810 


52 13 


37 4-8 


787395 






8896S2 


435 
435 
434 
434 
434 
434 
434 
434 
434 


110318 


218S 


,63 
163 


7712 




49 


787557 


271 




88994; 


110057 




7614 




5° 
5' 


7877" 
787883 


7I7l8o 


89020^ 
8 90461 


109796 


24 84 
2582 


163 
164 
164 
164 
.64 
.64 


75'6 
74i8 


9 


5* 


788045 




2"95J 


890725 


10927! 


26E0 


73«o 




53 
54 


78810! 
78837a 


171 
270 


711792 
711630 


890986 
891247 


108752 


2778 
28 77 


TIM 


6 


55 


788531 


2II468 


a 9 ' S « 










J6 


78S69.; 


270 
470 






108233 




164 






37 57 


788856 


7III44 


892013 


434 
434 
434 
434 
434 
434 
434 
434 
434 


107972 


3172 


j64 
164 


6828 


3 


58 


789018 


210982 


892289 


107711 


3*71 


6710 




59 


789180 




2I0820 


892549 


107451 


33*9 


164 


6631 




3B 0 


789342 


269 


210658 


892810 






16+ 


6532 


52. 0 


789504 


I I 0496 


893070 






'65 
*S 
it S 

165 

165 


6433 


59 




789665 


2IO335 


893331 


106665 


3665 


6335 


58 


3 


789827 


769 


710173 


893591 


] 06405 


3764 








78998! 


269 




893851 




3863 




56 


5 


790149 


269 
269 


2O985I 


894m 


105885 




6038 


5' 55 


38 6 


790310 




209690 


894371 


434 
433 
433 
433 
433 
433 
433 

433 


105629 




165 


5939 


"54 


7 


790471 


26S 


209579 


894632 


10536S 






5S40 


53 


S 


790631 
790793 


268 
268 


2O9368 
209207 


894892 
895.52 


105 LOS 

' as 


4 a 59 
4359 


165 
165 
■65 


574> 
5641 


52 
5' 




790954 


268 


2O9O46 


895412 






554* 


5° 




791115 


268 
267 
767 
.67 


208885 


895672 


10432S 


4557 


166 


5443 


49 


12 


791775 


208725 


895932 




4657 


166 


5343 


48 


>3 


791436 




896192 


10380S 


4756 


166 
166 






J+ 


791596 




896452 


10354S 


4855 


5«45 


46 






896712 


103188 


49<5 


5°45 


51 45 




Cos. 


D. 


SOJ. 


Cot. 


D. 


Tang. 


Cos. 


D. 


Sine 




524 I 


)eg. 
















51? Dog. 
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Wjj Peg. TABLE V.-Log Sines, em. 39 Peg. 







D. 




T:mg. 


If. 


Cot. 




1). 








__ _ 
.21 




















33 IS 


79'757 


267 


2. 


S96712 


+33 
433 
433 
433 
433 
433 
433 

433 
«■ 
432 
43* 
43* 


103288 


49 5 5 


66 
i6t 


5<HS 


45 


ED 


791917 




208083 


896971 


103029 
102769 


5°SS 


4945 


44 


■7 


792077 




207923 


S 9 72 31 


5 "54 


166 
166 


4846 


43 


18 


792237 


267 
266 
;66 


207763 




102509 


5*54 


4746 


4* 


'9 


79^97 


207603 








166 








79*557 


166 


3 








166 








792716 


166 
166 


20728+ 


89827O 












792S76 
















23 


793035 


266 


106965 


89S789 




5754 




4*46 


5' 37 


38 z 4 


793193 


265 


206805 


899049 


100951 


5854 




4146 


36 


*5 


793354 


365 


2066+6 




100692 


5954 




4046 


35 


26 


7935 '4 


206486 


:•■■):, -;m- 


100432 


6054 




3946 


34 


*7 


793673 


265 


206327 


899827 


10017! 


6154 






33 




793S32 






699914 








33 


29 
30 
3 1 


79399 1 
75 + i 50 
7y+;;.!i 


265 
265 
264 

2b + 


206009 
1L-5S5, 
-■-s<>9- 




43* 
432 
43* 
432 

43^ 




6 355 


16S 






3 1 


794467 


26+ 










16S 






3 a 33 


794626 


164" 


205374 


9013S3 


43* 
43* 
43= 
43i 
43* 
43* 
43* 
43' 
43i 




6757 


168 


3*43 


17 
26 


34 


7947 B4 


2052,6 




-■y^5' 


6858 
6959 


i6j 


3142 


35 


79+942 




205058 


901901 




-304' 


»i 


36 


795101 


264 
264 


:o.| S-jij 


902160 


-■i r 


7060 


168 


alto 


»4 


37 


795259 


263 


10+7+1 








168 






38 


795417 


l6 3 


204583 


lj .".I 1 .: -t 


-'-'7)-' 


7261 


168 




" 


39 


79557S 








168 


263 8 




40 


795733 


263 
263 










1 68 






+' 


79589' 




9°3455 




169 






3 a 42 


796049 




203951 


903714 


43' 
43' 
43' 
43' 
43 1 
43' 
43' 
43' 
43' 


096286 


7666 


\% 


*334 




43 


796106 


203794 


')-■->>)-- 1 


096027 


77G7 


2233 


'7 


7 3 


2fa 


203636 


904232 


095768 


786 S 


,6, 
■ 6. 
169 


2132 


16 


45 


796521 


262 


203+79 


904491 


'■9 5 5°'; 


797° 




|| 


46 


79667s 


262 
26* 
262 














47 


796836 


t°-V- k t 


''■'-'X- 


'-■>-<■'><>- 


B*?l 








48 


79699; 










169 


1726 


I* 


49 




>6| 

261 






- '.'4474 




.6 9 
170 




.- 50 


797307 


202693 












3* 5' 


797464 




202536 


90604; 


43' 
45' 
43' 

43i 
41' 
43' 
43' 
43° 


-939-; 


8579 


ije 


14:1 


9 


5= 


79762] 




202379 




09369S 


S681 


1319 




53 


797777 


261 


10212 ^ 


906560 


0934+0 
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*5 


28993 


130 
130 


7100; 




39216 


31791 




35 




291 3 1 




6ic 3 S 




31907 


192 




47 34 


42 27 


29169 






V 991 


433 
4*3 
4*3 
4*3 
4*3 
433 
4*3 
4*3 
4*3 
423 

42 J 

433 
422 
41s 


38709 




193 
193 


67978 


. 33 


28 


19407 




-05"'- 




38455 


31138 


67862 


32 


29 


*9545 




7045 s 


61795 


38101 


3"53 


67747 


3" 


30 


29683 


230 






37948 


32369 


193 


67631 


3° 


3" 


29821 


230 






37694 


32485 




67S" 5 


*? 


32 


29959 


119 




62560 


37440 


32601 




67399 




33 


30097 


219 


69901 


63813 


37i s 7 


32717 


67283 


27 


34 


30234. 


229 






36933 


32S33 


67167 




35 


30372 


119 
129 


6962S 


63330 




3=949 


"93 


67051 


47 *5 


4ft 3 6 


30S 0 ! 


229 
228 








33065 


66935 


*4 


37 


30646 






36173 


3318. 


"94 


66S19 


*3 


38 


30784 




64081 


35919 


33297 


194 


66703 




39 


30921 


6907; 


64.33s 


35 66 5 


33414 


'94 


66586 


21 


40 


31058 


128 




6458! 


35415 


3353° 




66470 


ao 






318 


6SK0; 








194 
194 
194 






42 


31331 


228 


68668 


65095 


34905 


33763 


66237 


18 


43 


31469 


218 
128 


68531 


6 5 349 


34 6 5i 


33880 


66120 


17 


44 


31606 


68394 


65602 


412 
433 


34398 


33996 


194 
"95 


66004 


16 


45 


31742 




6585; 


34H5 


34113 


65887 


47 15 




Cot. 


D. 


Sec. 


Cot. 


D. 


Tung. 


Cos. 


D. 
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TABLE V.— Loo. Sines, i 



43j Peg. 



3>7-P , 

!'»;> V 

3*°'5 , 
3- '5= - 

5!=si ; 

£8 " 

3*9 G 9 j 
33 IC 5l - 
33*41 2 
33277 , 
335™ , 

■ 337S3 ; 
33919 , 

■ 3 4° 54 3 
34189 2 

■ 343=5 . 
344-60 „ 
34595 - 
3473° 2 
34865 „ 
349V 9 - 
35134 , 
35269 , 
354"; , 
35533 

■ 35 s 7^ s 

'.5307 ; 
1 35941 a 

■ 3607 ^ „ 

3h: = 9 ., 
S<">343 - 
1 3^477 s 
36611 
3674; 

. 37012 



37546 
37679 











See. 




9"9 








68158 


65855 




34'45 


34T13 


68iai 




422 

s* 


33891 




67985 


66363 


33638 


34347 


67848 


66616 


33384 


34464 


6771a 


66869 




33'3' 


345SL 


67575 


671a; 




3^77 


,. ( %S 


67439 


67376 


3 = 6:4 


34815 


67303 
67167 




422 
412 


32371 


349 3 1 


67B8] 


31117 


35°5° 


67031 


68136 


422 


31864 




66895 


68389 


31611 




6675S 


6864' 


4»* 


31357 


354oi 


66623 


688 9 f 


4" 

422 


31104 


35519 


66488 


69149 


30851 


35637 


66352 


6940; 


30597 


35755 






30344 


35873 


6608] 


69901 


422 


30091 


3 599- 


65946 


7016; 
70416 


29838 


36108 
36226 


65671 


70669 


4*2 


29331 
2907! 








4=i 
422 
4*2 


l/>.\(.'. 


65405 


7117; 


28825 


3658, 


65270 


7 '4*9 


18571 


36699 


65135 


7168a 


28318 


36S.7 


6500! 


71935 


411 

422 
4:2 
42a 

422 


28065 


36936 


64866 


72188 


27812 


37054 


6473 j 


72441 


*7559 


37173 


















64.3a! 


73201 


26799 


375=9 


64193 


73454 


16546 


3 7647 


64059 


737^7 


lC: 93 


j77< JI ' 


63925 


7396o 


4 = : 




37SX5 


63791 


74="3 


*5737 




63657 


74466 


422 


15534 


38123 


63513 


747" 9 


252*1 


38242 






t*a 




38362 








3*4*1 






422 




38600 


6298S 


75731 


24268 


3 S 7 20 


62854 


75985 


24015 


38839 


62721 


76238 


*M 
421 


23762 


38959 


62588 


76491 


23509 


39078 


6i451 


76744 


422 


13156 


39 'V s 




76997 




393 |S 


6218! 


7 7 7. v.. 


42a 


22750 
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TABLE V.— Loo. Sines, etc. 



4 6 
47 
43 +8 



5<* 
43 57 



2! 
378" 
37945 I 
38078 

j8«i : 
38344 j 
38477 , 
38610 
3874* ' 
38875 ; 

39°°7 j 

39 M 

39172 

39404 I 

39536 

39668 

3980c 

40064 " 2 
40196 
40318 j 
40459 , 
40591 
407" • 
40854 , 
40985 j 

4'H7 I 
4'378 3 
41640 * 



4*°33 , 
41294 a 

■ 4*4*4 2 

4*555 ! 
4**85 

• 41815 2 

p 42946 a 

1 43076 z 

43336 * 
43466 

• 43595 , 
437*5 



Deg. 





Tang 


U. 


Cot. 


Sec. 


D. 
















77250 




22750 


39438 




610 




41* 






200 






*»* 








6,789 




42a 


"99I 


39798 
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61656 


78261 


422 


2173! 








78515 


411 
4** 
422 
422 
422 


21485 








7876S 




40158 




61258 






















422 


2047; 




















4*4 

42a 


19967 
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40881 


201 


6046^ 
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422 
422 


[946- 
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60333 




18956 










421 






6006! 


81297 


421 
411 
421 


[8703 


4' 365 




59936 


81550 


18450 












18197 










421 
421 
421 


















55405 


82562 


i~^s 


4'97> 


202 
20s 


5927* 
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42092 




59146 
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421 


16933 


42214 




59015 


83320 


16680 






58884 


83573 


421 
421 
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203 
203 


S8753 


83S16 








84074 












42. 

421 

42! 






203 










203 
203 


58129 


84837 


15.63 


43066 


58098 




421 


14910 


43188 


203 


57067 


85343 






20 3 


57837 


85596 










8584S 


4*1 
421 






57576 


86101 






57445 


Sfj 3 54 


421 


13646 


43799 


Ht 

2^ 
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57 1 = 5 




421 


1 3140 


+4044 
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421 








87365 


421 


12635 


44*89 


56794 


8761S 


42! 


12382 


444(1 


205 




8787] 




12119 


44535 


5 fi 534 


88115 


421 

411 


11877 


44658 


205 

aoj 


56405 


88376 




44781 


56175 


88619 


421 


11371 


44904 


205 


Sec. 


Cut. 


D 


Tang. 


Cos. 
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44±I 
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TABLE V.- 


LOO. SlNBS, ETC. 




45 Deg. 












D. 


Cot 


Sec 




Cob. 






9^4 
















9' s 










5 6 *75 


9-98962; 




11371 


44904 


105 


55096 


45 


16 


1*55 




5 6 '45 


9-988882 




11118 
10866 


45027 


54973 


44 


•7 


39 ^ 




56016 


9-989134 


42' 


45150 


aos 
205 


54850 


43 


18 


4"< 




55*86 


9-989387 


431 


10613 


45*73 


5 1 


4i 


'9 


(343 


215 


55757 


9-989640 


10360 


45397 


54603 


4' 


ao 


437* 


21' 


5562S 


9-989893 


431 




45520 




54480 


40 




«02 




5549 s 


9-99014; 


421 


c 9»5: 


45644 


5435 6 


39 




4*3 » 




553 6 9 


9-990398 


421 






54*33 


38 


23 


4760 




55*40 


9-990651 


4*i 
431 


=9349 


45891 


54"09 


45 37 




4.889 




55"' 


9-990903 




09097 


46014 




53986 


36 




5018 


315 


54982 


9-991156 




08S44 


46138 


53862 


35 


26 


5 '47 


215 


54853 


9-991409 




08591 


46162 




5373S 


34 


17 
18 


5*7 6 


215 


547*4 


9-991662 


421 
421 


08335 


46386 


53614 


33 


S405 


lli 


54595 


9991914 




07S33 




20 7 


53+9° 


31 


*9 


553; 




544 6 7 


9-992167 


421 


46634 


307 


53366 


3' 


JO 




114 


54338 


9-992420 


421 
421 


07580 


46758 




5314-1 


30 


31 


579" 






9-992672 


4*i 








5311S 


29 


31 


5919 


214 


54081 


9-991925 


42! 






20 7 


5*994 


45 *8 


44 33 


6047 




53953 


9-993178 




06822 


47'3i 




51869 


17 


34 


6175 




53825 


9993+30 




47155 




5*745 


a& 


35 


6304 




53696 


9-993683 




,6317 


47380 


207 


52620 


*S 


36 


fi +3* 




53568 


9-993936 


431 

411 


06064 


47504 


20 s 


52496 


*4 


37 


6560 


2' J 


5344° 


9-9941 89 


421 


05S1J 


47629 


5*37i 


*3 


38 


6f,n 




533'* 


9-994441 


421 






308 

2(1 8 


5**47 




39 




213 


53l84 


9-994.694 


421 


05306 


47*7.8 


52122 




40 


6944 




53°5 6 


9"994947 


4*i 


05053 




308 


SI997 




4i 


7071 




52929 


9-995199 


411 


04801 




108 


51871 


45 '9 








5280. 


9'99 545* 


421 


0+548 


48153 


208 
208 


SI747 


18 






213 
*'3 


51673 


9'9957°5 




04295 


48378 


5161* 


'7 


44 


7454 




52546 


S'995957 




04043 


48503 


3 


5'497 


16 


45 


7582 




52418 


9-996210 


421 
421 


03790 


48628 


5137? 


'5 


46 


7709 


XI3 




9-996463 




4=754 


51246 


'4 


47 


7836 


in 




9-996715 


421 
421 

421 
421 




48879 


5II3I 


'3 


4 S 


7964 




52036 




03032 


49004 


50996 




49 


S091 




51909 


9-997221 


03779 


49 '3o 








5° 






51782 


9'997473 


421 




49*55 


209 


50745 


45 IO 


44 5' 






J l6 55 


9-997726 




02274 


49381 


50619 


9 


5* 


8472 




51518 


9'997979 






495°7 


S0493 


8 


53 


Ijll 




5 140 1 


9-998231 




01769 


49632 




5036S 


7 


54 






51274 


9-998484 




01516 


49758 




50242 


6 


55 


885* 




5,, 48 


9-998737 


421 


0.263 


49884 


110 


50116 


5 


56 


s 97y 


" 1 


51021 


9-998989 


4*1 
421 








49990 




57 


9,06 




51:894 


9-999142 


00758 


-50136 




49864 


3 


58 


93JI 






9'999495 


421 






210 


49738 




59 


9359 


2M 


50641 


9"999747 


4*> 


:o2j 5 


50389 


210 


4961 [ 










5°5'5 




431 




5°5'5 




49485 


45 0 




Cos. 


D. 


Sec. 


Cot, 


D. 


Tang. 


Cos. 


D. 


Sine 




45JI 


eg. 
















45 Deg. 
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TABLE VI.— Meridional Parts. 
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* ft ABLE VII.— Length of a 


Degree ob Lonoitddk on baoh 




Pa 


BjU,LEL OF LaTJTODE. 






Latitude. 




Latitude. 


Nautical miles. 




Nautical miles. 


o 
I 


59'99 


3' 


5' '43 


0 
61 


1909 


* 


59-96 




50-88 


61 


a8-i7 


3 


59-91 


33 




63 


*774 


4 


S9"8; 


34 


+9' 74 


64 


16-30 


5 


59-77 


35 


49- 'S 


65 


a5'36 


6 


59-67 


36 


48'54 


66 


34-40 


7 


59-SS 


37 


479* 


67 


13-44 


8 


59-41 


38 


47-18 


68 


11-48 


9 


59-16 


39 


46-63 


69 


11-50 


JO 


59-09 


40 


45-96 


70 


10-51 


" 


58-89 


+I 


45-18 


7' 


19-53 




58-69 


4a 




71 


'8-54 


'J 


58-46 


43 


43-88 


73 


'7-54 


•4 


58-11 






74 


1 6-54 


'5 


57-95 


45 


41-43 


75 


'5-53 


16 


57 -6 7 


46 


41-68 


76 


14-51 


'7 


57-38 


47 


40-91 


77 


13-50 


iS 


57-06 


+8 


40-15 


78 


11-48 


'9 


56-7J 


49 


39-36 


79 


11-45 


ao 


56-38 


5° 


38-57 


So 


10-4* 


at 


56-01 




37-76 


81 


9-38 


ii 


55^3 


5* 


36-94 


Si 


8-35 


*3 


55*3 


53 


36-ri 


83 


7-3' 


a+ 


54-8 1. 


54 




84 


6-17 


*5 


54-38 


55 


34'4' 


85 


5*3 


96 


53-93 


56 


33'45 


86 


4-18 


a 7 




57 


3*-68 


87 


3''4 


i3 


51-97 


58 


3179 


88 


109 


19 


54-48 


59 


30-90 


89 


1-05 


30 


51-96 


60 


30-00 


90 
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TABLE VIII. 
Dip op Horizon, cohhectkli 
foii Kefiuctioh. 





























as 


























4* 


6 23 




1 4a 


43 


6 27 


* 


' s ! 


44 


6 3* 








6 37 








6 45 
























7 10 








7 21 








7 34 








7 45 




3 33 


65 


7 56 




3 4" 


63 


8 7 
























































9 17 










ij 


4 43 


T- 


9 2fi 


*4 


4 49 


95 


9 3 6 




t S i 






3.6 




100 


9 ti 










18 










j ' 


107 


10 11 


30 












111 


10 aS 










33 


5 39 


..9 


10 44 


34- 


5 44 






35 


5 49 


145 




36 


5 54 


11S 


11 8 


37 


5 59 


131 


11 16 


38 


6 4 


134 


11 »4 


39 




137 


11 31 


40 


6 4 




11 39 



TABLE IX. 
if tiib Horizon ai 
distances fiiou 1 



1 














II 


feel. 


fecfc 


feel. 


feet. 


feel. 


ft St 


3 


5 


IO 


15 


*o 


»5 


30 


°i 










5* 


68 


oj 


6 








£l 




o| 


4 


a 


n 


I S 


'9 


13 


It 


4 


6 


9 




ij 




3 




7 


9 




14 


I* 


3 




6 


I 










3 


5 


6 


-J 




4 




3 


5 


6 


7 


1 


3 




3 


4 


5 


6 


7 


31 




3 




S 


6 


6 


4 




3 


4 


4 


5 


6 


5 




3 


4 


4 


5 


5 


6 










5 
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TABLE XI. 








TABLE XII. 








Adrmest,vtios oi 


THH lIOQN'a 


Fob own 




O LoNOITODK 






Seuidllsieieu- 










sto Time. 






| 


MO BUD 

4 3°j'S o 


5 3° 


1& O 


•'6 3"° 




.■'"(?■ 


|| 








H 




























6 
B 


a 


o 
1 


1 
* 


1 


* 


; 

j 


3 

5 
6 
7 


" s 
a 16 
> »+ 

0 2S 


3" 

5" 
60 
70 
80 


3 «» 

4 4° 

5 *o; 

6 0 


3 
5 

6 

7 


-<>- 
'zv- 

:. 

4'>7 
0f> 7 


'4 

n, 

iS 


! 
1 

4 


3 
3 

4 


3 
3 

5 


3 
4 
S 


3 

4 
5 
6 


3 

5 
S 
6 


8 

9 


0 32 

0 36 


90 


13 20 


8 
9" 






























5 


S 


6 


6 


6 


7 














11 


6 
6 
7 


6 
7 
7 


7 
8 


7 
8 
8 


3 
9 


8 
9 
9 














33 


7 




9 


9 








T1DT.H YM 






V 

4 : 
4 




9 
9 


9 




» 




Fob con 




-vg Time into 


9 








13 


13 
13 




LoNCIIUDH. 






10 








"3 


14 








Long. 


B 




S" 








'3 


14 


»S 


a. 




Mta. 








G 
■ 




» 

»! 


'3 
13 
»4 
'4 


13 
14 
*+ 
IS 


14. 
IS 

•s 

16 


*5 
16 




3° 

45 

6 c 
' 75 
go 
105 




0 30 

0 45 

1 IS 
1 30 
1 45 




i'S 
3* 
f 5 

7'5 
9-0 

■15 


7- 


'3 
'3 
'3 
13 


'3 
i+ 
C4 
'4 
14 


'4 

IS 
'5 

>i 
'5 


'S 
16 
16 
16 
16 


16 

"7 
17 
17 
17 


17 

1 8 
iS 


4 
5 
6 
7 
3 


3 

■ 4 
5 

6 
1 


°"3 
°'4 

0-1 

0:7 

.:■! 


S 

!4 

9- 


i+ 

i+ 
J+ 
>4 


14 
IS 

IS 


'5 
16 
■ 6 
16 


16 
•7 
'7 
'7 


18 
18 

18 


"J 
'9 
19 
"9 


9 
16 


i35 
150 
iSS 

1M0 


; a 
4° 

5° 


* IS 

S 0 
7 30 

is 30 


O-g 



Digitized by Google 



*37 



TABLE XIV. 
Paha l lax in Altitude of the Sim and PlahbtS. 



A pp. 










PlCRALLAX I 




































'9 




*3- 




»7 




— 

* 





— 

3 




s 








," 3 


15 




'9 


M 


23 


*S 


a'7 


29 


3' 


6 






5 


7 


g 




'3 


■ 5 


l 7 


'9 


M 


23 


2 S 


27 


■*9 


3' 


9 




3 


■s 








13 


15 




'9 


ai 


*3 


*s 


a 7 


19 


3' 








f 


'7 


•ft 




13 


»5 


■7 


'9 


11 




24 


*6 


18 


3° 


'5 


, 


3 


5 








■3 


>4 


16 


18 


20 


22 


24 


26 


2S 


3* 


iS 




3 


s 






IO 




14 


16 


18 


10 


17. 


14 


26 


28 




ai 




■3 


.5- 




8 


IO 


11 


?4 


ifi 


18 


10 


■21 


23 


*5 


27 


29 


14 








-6 


■8 


IO 




'4 


16 


: 7 


*9 


, ar 




a S- 


^6 


28 


17 




3 


4 


6 


% 


10 


12 


>3 


15 


'7 


•9 


20 


22 


24 


l6 


28 










6 


-8 




J, 






16 


jS 


20 


22 


23 


»s 


27 


33 








■6 


■8 


9 


It 


*3 


*4 


16 


18 


, 


21 






26 


3 6 






* 


-6 


7- 




I* 






15 


<7 




IO 


ax- 


-23 


2 5 
















10 




'3 


15 


16 


■ 8 


'9 


21 


23 


*4 


4! 




2 


4 


5 


? 


8 


10 




'3 


14 


>6 


•7 


r 9 


Ml 




2 3 


45 






4 




& 


8 


9 






'3 


»S 


'16 


iS 


r 9 


21 




4.S 








*S 


6 


7 


■ 9 


« 


„ 


■3 


*4 


ij 


'7 


*8 


"9 


2! 


51 




4 


3 


4 


6 


:7 


a 


9 


11 




13 


'4 


16 


17 


18 


20 


54 


r 


a 


3 




5 


6 


8 


9 


10 


n 


11 


14 


iS 


16 


17 


IB 


57 




-2 


3 


. 


5- 


6 


7 


s 


9 


10 


11 


.12. 


"4 


15 


16 


I? 


6q 


r 




3 


''4 


■s 


s 


' 7 




9 


1 0 


41 


-ii 


'3 




15 


16 


6] 








3 




•5 


6 


7 


8 


9 


IO 


10 




1* 


13 


14 


66 


0 




4 




. 


4 


. 5 


6 


? 


8 


9 


9 


IO 


ii 




'3 


69 






* 


3 




4 


S 


>S 


6 


7 


-.8 


; * 


9 


10. 






7* 


• 


















6 


-6 


• 7 


8 


8 


9 




75 












,3 


3 


4 


4 






6 


e 




8 


8 


78 














3 


3 










5 


6 


6 


6 


81 


















3 


3 


3 


•4 


4 


•4 


5 


S 


84 


























3 


"3 


3 


3 


«7 


































go 



































OigiiizM 0/ Google 



138 





TABLE XV.— Kepraction op tb 


B SUN" 












All'' 








































14 11 -i 




5 1 9-8 


19 < 


2 477 




1 49-1 


37 c 








13 9-6 




5 "S* 1 




2 46-3 




1 48-4 










ii 3-4 




5 10-4 




3 44-8 




1 47-6 










ii l-g 


3° 


5 57 


30 


1 43'3 




1 46-9 


30 








ao 4-8 


40 


5 ro 


40 


2 4,-S 




. 46-2 










19 irj 


S< 


4 56 3 


5= 


* 4°'3 




1 45'5 


50 








lS 31-2 




4 5'7 




1 38-8 




1 44-8 


3a c 








n 36-3 




4 477 


10 


1 37"4 




1 44'E 










16 53-2 




4 +37 




2 36-0 




1 43'+ 










16 13-4 


jo 4 397 


30 


2 34-6 




1 427 


3° 








15 36-0 


40 


+ 357 


40 


2 33-2 




1 41-0 


40 








15 0-9 


5" 


4 3 ' - 8 


5° 


2 31-9 




1 41-3 


JO 








1+ 28-1 




4 27-9 










39 ° 








'3 57"3 




4 *4"5 




2 29-3 




1 39-9 










13 28-5 


20 






2 28'1 




1 39'3 










13 «*3 


3o 


4 '77 


30 






1 386 


30 








.2 35-6 


40 


4 '4'3 


4° 






. 38 0 


40 








12 11-3 


5° 


4 >°'5 


50 


2 24-4 




1 37-3 


5° 








11 48-3 


13 0 


4 7'5 




1 13-3 




1 367 


40 0 








11 26-6 


4 45 








I 3 6-« 






!■? 




11 6-i 




4 i-5 




2 10-9 




1 35-5 






U 




10 467 


30 


3 58-6 


30 






1 34"9 


30 








10 28-3 


40 


3 5 57 


4° 


2 1 8-7 




' 34"3 


40 








10 10-9 


50 


3 517 


5° 


2 17-6 




1 337 


So 








9 5+ 3 


14 0 


3 49-8 


23 0 


2 ,6-5 




1 33'' 










9 3 B "4 




J 47-2 




1 15-4 




« 3='5 






t\ 




9 23-4 




3 4+-o 




2 14-4 




1 31-9 










9 4"° 


30 


3 4*-» 


30 


1 '33 




1 31-3 


S° 








8 S5"3 


40 


3 39'+ 




1 12-3 


40 


1 307 


4° 




S'3 




8 41-3 


5f 


3 368 


5° 






1 3" 


5° 






6 o 


8 29-9 


15 e 


3 34"3 


14 0 








** JO 




46 




8 18-2 




3 3*'' 




2 9-2 




I 2 9 '0 










8 6-6 




3 39-8 




2 8-2 




1 a 8-4 










7 55-6 


30 


3 17-5 


30 


a 7-2 




. a 7 '8 


3c 








7 44"9 


40 


3 25'* 


40 


2 6-2 




1 17-3 


40 








7 3+7 




3 aa-g 


5° 


2 5-2 






50 








7 *4'7 


6 S ° 


3 207 


15 0 


* 4"3 




1 26-2 


43 0 








7 "5"3 




3 lt- s 




2 3-4 




1 ij-6 










7 6-3 




3 l6 5 


ao 


2 2-5 




1 25-1 


20 








6 S7 6 


3° 


3 '+"5 


30 


* 1-6 






30 










40 


3 12 '5 


40 


2 07 






40 


l 


ro 




6 41-9 


5° 


3 "°-5 


5° 


1 59-8 




1 23-6 


5° 




o-6 


8 o 


6 34^ 


17 0 


3 8'5 




r 5S-9 




1 13-1 


44 ° 










3 6-6 




1 S8-D 




I 22-6 










6 20 0 




3 4-8 




1 572 










59-6 




6 iji 


30 


3 3"° 


30 


1 56-4 




I 21-6 


3° 








6 6-4 


40 


3 !•* 


40 


1 55'6 




I 20-6 


40 




;S-<; 




S 59"9 


S" 


1 59-4 


■ 50 


' 547 






5° 








5 53'S 


iS 0 


1 S7-6 


27 0 


' 53'9 


36 5 c 


I 201 


45 0 




57' s 




5 +7"+ 




2 55*9 




I S3'* 




I 196 






ao 


S +'"S 




2 54*3 




1 S2'4 


ao 






c 


57"5 


30 


S 359 


30 




3° 


1 51-6 


3° 


■ 30 




S7'i 


40 


5 30 4 


40 


2 51-0 


40 


1 50-8 


4° 


I 18-1 


40 




S6-9 


<o 


5 *S-' 


. 5° 


2 4-9' 3 


fo 




to 


1 17-6 









Oigilizedtty Google 



189 





TAHLH XV.— Rotbactio 


OF TTI 


e Sun 




D Staiis. 
















Refrac- 


A™. 






Alt'.' 


H 






























0 56-2 










73 c 




17-8 


8a 0 






















17-6 














0 lo-o 
















7"9 


jo 










0 27'8 


30 




IT'i 






7-8 


40 










0 27-6 


40 


0 


1*7-- 




0 


7-6 


5° 










0 27-4 


50 




1 fi-S 
1 6-; 






7"4 


47 0 




56 0 




65 □ 


0 27-2 


74 0 




83 0 




7-2 
















l6-j 






7-0 




a 53 6 




0 38-8 




0 16-7 






J 6-3 






ii 


30 






0 38-5 




0 26' 5 


30 




1 6" 1 

16-0 






67 








0 38-3 






4° 








6-j 








0 38-0 






5° 




15-8 






6-3 


48 0 










0 25'9 


75 .*> 




15*6 


















0 25-7 












5'9 




0 51-8 








0 *S'S 












5"* 


3° 










0 25-3 


3° 










5-6 












0 251 


40 




14-8 






5'5 


5° 






□ 36-6 




0 24-9 


5° 










5'3 


42 ° 




;8 0 




67 0 


0 247 


76 0 






85 0 




5' 1 








0 36-2 




O 24'j 












4'9 












0 14-3 












4*8 


3° 










0 24-1 


3° 










4-6 


40 










O 2 3 '9 


4» 




13-8 






4*5 


5° 










° »37 


5° 










4' 3 


50 0 










0 23-5 


77 0 










4' 1 












0 23-4 












39 












0 23-2 












37 


30 










0 23-0 


30 










36 


40 












40 










3'4 


5° 






















3'3 


Si 0 




60 0 




69 0 




78 0 










3' 
























a-g 




0 46-6 






















30 












30 






* 






40 


0 46-? 


40 








40 




il"7 








5° 


0 45-8 








0 11-4 


5° 


0 






° 


*"* 


51 0 




61 0 








79 0 


































1-9 








0 31-8 
















'7 


30 






0 31-6 






3° 










'■J 


40 










0 20-4 


40 










* - 3 


5° 












So 5 o 












53 0 
































0 32 












o'9 












0 196 












0*7 


30 










0 194 


30 










°"i 


40 










0 192 


40 




9-6 






o'3 


5° 




e 5 






0 19-0 


8, S o 












S4 « 


0 41-3 


G 3 0 


0 297 


72 0 


0 1 8-9 






9' 1 


■ 






" 


0 42-0 




0 29'4 








0 


9-0 










0 41-8 




0 292 




0 j 8-6 


« 




i-9 








30 


0 41-5 


30 


0 29 0 




0 1 8-4 






8-7 
8-6 








40 


0 41-3 


4° 


0 28'S 


40 


□ 1 8-i 


4 










*o 


O 41 'O |( so 


0 28-6 




0 i8-c 


to 




8-4 









Digitized By Google 



TABLE XVI. — CouttECTtoN fob Table of ItspitAcnoN. 



_ _ 39 *9 
48 37 *6 
44 34 *4 



19 3:45 
30 + i 



Digitized 0/ Google 





TABLE XVII— 


COHUECTKJN 




Moo*' 


Altitudb. 






p. p. 


Hoon'i 




UOOH-B 










p. P. 






54' 


55' 


56' 


57' 






60' 


61' 










35- 36 


36 36 


37 36 


38 36 


39 36 


i+ o 3 'e 


41 36 


42 36 






+ 




36 11 


37 «• 


38 22 


39 " 


40 aa. 


41 22 


43 33 


43 " 




» 




30 


37 4 


38 4 


39 4 


40 4 


4' 4 


43 4 


43 4 


44 4 






i 7 


30 


37 4+ 


38 44 


39 44 


40 44 


41 44 


42 44 


43 44 


44 44 






3 " 




38 ao 


39 ao 




41 2G 


41 20 


43 so 




45 so 


3 


3-0 


4 15 


5° 


38 55 




40 55 






43 55. 


44 55 


45 55 






5 18 






40. 27 


41 37 


43 %; 


43 "7 


44 ?7 






5 


5- 


6 22 


3 10 


39 5* 


40 5 8 


4' 5S 


4 a j8 


43 58 


44 S» 


58 


46 58 


6 


6-0 








41 26 




43 »5 


44 *5 


45 J 5 


46 as 


47 15 


7 


7-0 


8 39 


30 


40 S3 


4> S3 


4" 53 


43 5i 


44 5^ 


45 5* 


46 53 


47 5^ 


8 


S-o 


9 33 


40 


41 17 


4» '7 


43 '7 


44 >7 


45 "7 


46 17 


47 >7 


48 17 


9 


9-0 




5° 


41 4a 


43 41 


43 4' 


44 4' 


45 4' 


46 41 


47 4« 


48 4' 






4 0 


43 4 


43 4 


44 4 


45 4 


46 4 


47 4 


48 3 


49 3 










4* *5 


43 34 


44 14 


45 *4 


46 34 


47 =4 


48 33 


49 S3 










4» 45 


43 44 


44 44 


45 44 


46 44 


47 44 


48 44 


49 44 






a 4 


30 


45 3 


4+ 3 


45 3 


46 2 


47 * 


48 a 


49 * 


5° a 






3 5 




■1-3 21 


44 si 


45 « 


46 *I 


47 ai 


4 8 20 


49 *° 


SO so 


3 


3"° 


4 7 


5° 


43 38 










48 36 


49 36 


50 36 






5 9 


5 10 




44 53 


45 


46 53 


47 S3 


48 53 






5 


5 ■'-> 


6 1 1 




44 9 


45 9 


46 s 


47 8 


48 8 


49 8 


50 8 


51 7 


6 


S-o 


7 I* 




44 *3 


45 13 


46 33 


47 » 


4 3 32 


49 


5c 21 


SI 31 


7 




8 14 


30 


4+ 3 6 


45 3 6 


46 35 


47 3S 


4* 35 


49 35 


5° 34 


51 34 




8-0 




40 


44 49 


45 49 


46 49 


47 48 


48 48 


+9 4 s 


50 48 


5 1 47 


9 


9-0 




5° 


45 ' 


46 1 


47 1 


48 0 


49 0 


49 59 


Y-> 59 


Si 59 








6 0 


45 " 


46 12 


47 « 


48 


49 I' 


So 11 


51 10 


53 10 










45 '3 


46 23 


47 33 


48 aa 


49 *S 


50 aa 


Si si 


52 2] 










45 33 


46 33 


47 33 


48 3=- 


49 3* 


So 3" 


5' 3' 


52 31 








30 


45 43 


4 6 43 


47 4» 


48 42 


49 4* 


So 4> 


51 4. 


5» 4' 






3 3 




45 53 


46 53 


47 5* 


48 53 


49 5» 


5" 5' 


5i 5° 


52 5° 


3 


3-0 


4- 4 


S" 


46 2 




48 1 






Si 0 


5 1 59 


5S 59 


4 4-0 


5 S 




46 11 


47 1° 


48 10 


49 1° 


50 9 


5 1 9 


S3 8 


53 8 


5 


S/o 


G 6 


10 


46 ao 


47 19 


48 19 


49 '8 




5 1 '7 


53 17 


S3 '6 


6 


6*o 


7 7 






47 »7 




49 a6 






52 35 


53 S4 


7 


7'o 


3 S 


30 


46 34 


47 34 


4« 33 


49 33 


5" 3~- 


5' 3 = 


5* 3" 


53 3' 


8 


S-o 


9 9 


40 


4.6 41 


47 4' 




49 39 


50 39 


51 38 


51 3* 


S3 37 


9 


90 




5° 




47 47 


48 47 


49 46 


50 46 


5' 45 


5i 44 


53 44 








8 0 


46 54 


47 54 


4S 53 


49 53 


S o 52 


5" 5* 


52 5. 


53 5 1 










47 0 


47 59 


48 59 


49 5« 


50 58 


5' 57 


5i 5 6 


53 5 6 










47 0 


48 5 


49 5 


50 4 


5' 3 


5i 3 


53 1 


54 s 








3° 


47 « 


48 11 


49 ><= 


50 9 


Si 9 


S3 8 


53 7 


54 7 






3 1 


40 


47 '7 


48 16 


49 16 


50 »S 


51 14 


52 14 


53 '3 


54 is 


3 


3 - o 


4 a 


5° 


47 " 


48 31 








52 ]8 


53 '7 


54 17 


4 


4-0 


S 3 




47 26 


4 a 25 


49 15 


50 34 


5' *3 


51 32 


53 aa 


54 »' 


5 
6 


S-o 


6 : 




47 


48 3' 


49 30 


30 39 


51 39 


S3 38 


S3 »7 


54 » 6 


6-a 






+7 35 


48 34 


49 34 


5° 33 


51 33 




S3 3i 


54 3° 


7 


7"o 


8 i 


30 


47 4° 


48 39 


49 38 


50 37 


S" 1° 


5* 35 


53 35 


54 34 


8 


8-0 


9 5 


40 


47 44 


48 41 


49 4* 


jo 41 


51 41 


S2 40 


53 39 


54 38 


9 


j-o 




5° 


47 48 


4 S 46 


49 46 


50 45 


5' 44 


5* 43 


53 4i 


54 41 







Oiginzed by Google 



142 





TABLE 


XVIL- 


-COBIIECTIO.T 




Moon's Altitude. 




p.p 












NTAL PilllLLJI. . 




p.p 


fin 




54' 






Si' 


I 5 *' 


59' 


60' 


61' 








47 S 


48 5 


49 4 


5° +■ 


5< 4 


7 5» 41 


S3 4 


54 4- 




H 




'4-7 5 


48 5 


49 5 


5° S 


5i 5 


52 4 


S3 4 


54 4 








47 5 


48 5 


49 5 


5° 5 


5 1 5 


51 5 


53 5 


54 5 






3 ( 






+9 5 


So 5 


5» 5 


5* S 


53 5 


54 5 




3 1 


4 1 




49 


50 s 


J 1 


5» 


S» S 


53 S 


54 5 






^ 5 1 






5° < 


5' 








54 55 




5 i 




48 ■ 


49 " 






5» 


53 3 


5+ a 






6 i 




48 1 


49 


50 i 


S' J 


i» 


53 5 


54 A 


55 : 




7 i 




48 13 


49 12 


5° « 


S' 9 




53 7 


54 6 


55 5 


7 *"9 


8 a 


JC 


48 15 




50 13 


51 11 


Sa ic 


S3 9 


5+ 8 


SS 7 


8 7"9 




40 


48 17 


49 '< 


50 14 


51 13 


52 12 


53 "i 


54 10 


55 8 


9 8-8 




5 C 


4! >9 


49 


50 17 


5 1 '5 


52 14 


53 '3 


54 11 


55. 10 








48 ai 




SO 19 


51 17 


52 16 


S3 '5 


54 '3 


55 '2 








4! S3 




50 7.0 


Si 19 


51 18 


53 '6 


54 IS 


55 14 








48 24 




SO MS 


51 ao 


52 19 


53 '7 


54 16 


55 15 












So 23 


;i 


52 21 


S3 '9 


54 '7 


55 16 






40 


48 a; 




50 14 


Si *3 


5* ai 


53 20 


54 >8 


55 >7 


3 29 




50 


Is ,! 




jo a^ 


Ji an 








55 >8 
















52 23 


53 »1 


54. 20 






6 i 


1< 


48 3' 


49 ag 


50 zE 


Si at 


5* =5 


53 »3 


54 *" 


55 '9 


6 S'9 


7 i 




48 3' 


49 3° 




5 J 2 7 


5* *i 


S3 24 


54 22 


55 *o 


7 6 - 9 


8 i 


. 30 


48 33 




50 29 


S 1 2 7 




53 *4 


54 22 


55 ao 


8 7-9 






48 32 


49 3 1 


5° 2 9 






53 2-4 


54 21 


55 a' 


9 8-8 




50 


48 33 


49 3' 


50 30 


51 a8 




53 »4 


54 23 


55 21 






14 0 


48 34 




5° 3° 


51 19 


5* *7 


53 *S 


54 23 


55 ai 








48 34 




5° 3 1 


5' »9 


52 27 


53 afi 


54 24 


55 a* 








48 34 




50 31 


51 39 


S a »7 


53 »5 


54 24 


55 aa 






30 


48 3S 




S° 3> 


51 19 


52 27 


53 25 


54 *4 


SS 22 






40 


43 35 




5° 3* 


5' 29 




S3 a6 


54 23 


SS aa 


2'9 




So 


48 35 




50 3» 


51 29 


5* 17 






55 21 








48 36 








5 2 27 


53 *5 


54 *3 




4-8 


') c 


10 


4S 35 


49 33 


5° 3' 


51 29 


S* »7 


53 »5 


54 »3 


55 21 








48 35 


49 33 


50 3 ! 


51 29 




S3 M 


54 " 


55 10 




i 0 


1° 


48 35 




50 31 


51 28 




53 24 


54 22 


55 20 


77 


> o 


4c 


4S 34 


49 33 


50 30 


S» a8 




S3 *4 


54 21 


55 '9 


8*7 




5° 


48 34 


49 3 1 


jo 30 


5 1 27 


S* »5 


53 23 


54 2° 


55 18 








4* 34 


49 3 1 


50 29 




5a 24 


53 2i 


54 *o 


55 l 7 








48 33 


49 3 1 






S* 24 


53 


54 19 


55 16 








48 3* 




50 *7 


5' »S 


5* »3 


53 »o 


54 jS 


55 "5 






30 


48 32 






51 24 


52 22 


53 19 


54 17 


S5 14 






40 


48 3' 






S 1 «4 


52 21 


53 « 


54 


55 >3 






5° 


48 3° 




5= 25 


5' 23 








55 "2 
















52 19 


S3 1* 


54 14 




4-8 


t I 




48 28 


49 *6 


50 14 


51 


Sa 18 


S3 IS 


54 13 


55 10 








48 28 


+9 a S 


5° 15 


51 20 


52 17 


53 14 


54 12 


55 9 


6-8 




30 


48 a? 


49 J 4 


jo 11 


;i 19 




53 13 


S+ 10 


55 8 ; 


77 




40 


t8 26 


49 '4 


50 ii 


51 18 


51 15 


53 " 


54 9 


SS 6 


8-6 




5° 


48 26 


49 13 


jo 20 


S l 17 


52 .4 


S3 H 


54 8 


55 5 
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TABLE XVII.— Coiiii^uTHj.N' or im: Mudn's Ai.titede. 





p 


tag. 


54-' 


55' 


Moos' 


If on ii 

57' 


WML I 

58' 


tuiu 
59' 




61' 


P. P 






.8 


48 2 


49 2 


50 I 


5 > "5 


52 11 


53 


54 


55 


' 








4 8 1 


49 « 


JO i- 


51 14 


52 J 


53 * 


54 


JS 










48 2 


49 1 




51 »3 


52 1C 


53 


54 


55 


1 0-9 






3< 


48 M 


49 1 


5° M 


5' ic 


5* " 


53 4 


5+ 


54 5 


2 19 


3 




4* 


48 K 


49 1 


50 12 


5 1 9 




53 


53 S 


54 5 


3 2-8 


* 




5« 


48 t 


49 1 


50 1 


5' : 


5» ■ 


53 


53 5 


54 5 


4 3-8 






*9 1 


















\ 47 


i 






48 IJ 


49 1 


50 . i 


5 1 ' 




S 2 g, 


53 5-1 


S+ 5 


* 57 


7 






48 » 


49 ! 


5° 5 


SI 2 


5' 59 


5* 55 


53 5 = 


54 49 


7 S-7 


8 




30 


48 1 


49 1 


50 4 


Jl I 


5i 57 


5* 54 


53 5 


54 47 


8 7-6 


9 




+0 


48 9 


49 5 


5° » 


5 a 58 


5' 55 


52 52 


S3 48 


54 44 


9 8-5 






5= 


48 8 


49 4 


5° ' 


5<» 57 


5i 54 


53 jo 


53 46 


54 43 










48 5 


49 a 


49 58 


5° 55 


5' 5 1 


5* 47 


53 44 


54 4° 










48 3 


49 0 


49 5" 


5° 53 


5 t 48 


5a 45 


53 4* 


54 38 










48 2 


48 S 8 


49 55 


50 5> 


5 1 47 


S 1 43 


53 4° 


54 36 


1 0-9 






30 


48 0 


48 56 


49 5* 


5° 48 


5' 45 


■J2 41 


53 37 


54 33 


2 r 9 


3 




40 


47 5S 


48 S4 


49 50 


50 4 f 


5' 4> 


;i 3 i 


53 34 


54 V- 


3 2-8 


4 


1 


5° 


47 5 6 


48 s» 


49 4 s 


50 44 


5' 4i 


52 36 


53 3* 


54 *f 


4 37 


1 


























I 


*' it 


47 52 


Is 4* 


49 44 


50 40 


5i 35 


52 32 


53 »7 


54 a3 


6 5-6 


7 






47 5" 


48 46 


49 4« 


5° 37 


S» 34 


5a 30 


53 *5 


54 2i 


7 6-6 


8 




30 


47 47 


48 43 


49 39 


5° 35 


5' 3' 


ja »7 


53 aa 


54 "9 


8 7-J 


9 




40 


47 45 


48 4. 


49 36 


50 32 


51 28 


52 24 


53 *° 


54 '5 


9 84 






5° 


47 44 


48 39 


49 35 


50 31 


S . 26 


5a 22 


53 iS 


54 >3 










47 4' 


48 37 


49 3* 


;o 28 


51 24 


5^ '9 


53 '5 


54 " 










+7 39 


4S 3 + 


49 3° 


5<» *5 


5" ai 
51 18 




53 ia 


54 7 










47 3 6 


48 3. 


49 *7 


50 11 


5a 13 


53 9 


54 4 


1 o- 9 






30 


+7 33 


48 29 


49 a 4 


50 M 


51 '5 


Sa 11 


53 6 


54 a 


2 i-S 


3 




40 


47 3' 


48 26 


49 




51 « 


52 6 


53 * 


53 57 


3 =-8 


4 


1 


50 


47 s| 


48 23 


49 19 


50 14 


5 ' 6 


5* 5 


53 0 


53 55 


4 y% 






23 to 




48 21 
















5 


2 




47 14 


4 S j 9 


49 14 


50 9 


5i 4 


5 1 59 


5^ 54 


53 5" 


\ 5-6 


7 






47 *1 


4 8 16 


49 " 




51 a 


5' 5* 


5a 5' 


53 47 


7 6-; 


8 




3° 


47 18 


48 13 


49 9 


5° 3 


SO 58 


5 1 54 


52 48 


53 43 


! 7-4 


9 




40 


47 16 


48 ,0 


49 5 


50 . 


5" 55 


ji so 


ja 45 


53 4° 


9 8-3 






5° 


47 '3 


4 3 8 


49 a 


49 57 


5° 5= 


5' 47 


52 42 


53 37 








24 0 


47 " 


48 5 


49 0 


49 54 


5° 49 


5' 44 


52 39 


53 34 










47 7 


48 2 


48 56 


49 5' 


50 46 


JI 41 


5* 35 


53 3" 










47 4 


47 59 


48 54 


49 48 


50 43 


51 38 


52 32 


53 


09 






30 


47 1 


47 jG 


48 51 


49 46 


5° 4> 


J 1 35 


52 29 


53 »3 


1 r8 


3 




40 


4 6 58 


47 S3 


48 47 


49 4' 


5" 37 


5 1 3" 


5 1 *5 


53 ao 


2-7 


4 




5° 


46 56 


47 51 


48 44 


49 39 


So 33 


Si »7 


52 22 


53 17 


t 3° 


1 




5 0 


46 52 




48 41 


49 3 6 


50 30 


51 24 


ja »9 


53 ! 3 


4"5 








4 6 4 6 


47 44 


48 38 


49 3i 




51 21 


52 15 


53 


5"4 


7 








47 4° 


48 34 


49 *8 


JO 22 


51 17 


J2 II 


53 J 


7 6 - 4 


I 


3 


30 


46 41 


47 36 


48 30 


49 25 


50 'e 


Si J3 


5a 7 


53 a 


7-a 


9 


3 


40 


46 39 


47 33 


4 S 27 


49 aa 






52 4 


S 2 58 


82 






5o 


46 36 


47 3° 


48 24 


49 '8 


5° 11 




52 0 


52 54 
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TABLE XVII. — Cu:ii.ixno_\' of tub JIoon's Altitude. 





















IS. 1 X 


5+' 


55' 


5" 


57 


58' 


59' 


60' 










26 0 






48 at 






5' : 


5' 57 






















5° 55 


5 1 53 






















5° 5 6 


5'- 4E 






* 


1 


3° 










49.59 


5° 


51 46 






3 


J 












49 5* 


5° 47 


5 1 4J 




3 ~'7 






5° 










49.5° 


5°. 44 


5 1 37 




4 3*5 


s 






46 13 


47.. 7 


48 c 


48 53 


49 47 


50 40 


Ji 34 


5* *7 


J 4-4 


6 






46 g 


47. 3 


■47 56 


48 50 






5' 30 


5* *3 




7 






46 6 












;i z& 




7 i-'i 


8 


3 


3° 


46 2 












51 7.1 






9 


3 


40 










49 31 




51 17 










5° 












50 ao 


5' H 










18 0 














ji 10 




















49 al 




S 1 7 




















49 16 


5° 9 


5' ' 






a 




30 










49. 14 


5° 5 


5° 5 s 






3 




40 




46 31 






49 * 


5° 1 


5° 54 








a 


5° 










49 4 


49 5 6 






4 3*5 


S 




19 c 


4S *S 


46 ai 


47 14 


48 6 


48 59 


49 5" 


50 44 


5' 3* 


5 44 


6 






+5 »S 


46 18 


47 10 


48 a 






50 39 


5« 3» 


6 s-3 


7 


3 
















50 36 










3° 




















9 




























5° 




46 2 










50 aa 










30 0 




































49 11 
































* 


» 


3° 










4 s : 9 


49 11 


5° 3 






3 


















49 59 






4 


a 












48 10 


49 * 








S 




ji 0 


44 40 


45 3 1 


4.6 i 3 


47 15 


48 6 


48 i 


49 49 


5° 4° 


5 4*3 


6 


3 




44 3 r > 


45 *7 


46 18 


47 9 






49 43 


5° 35 


6 fi-J 


7 


3 






















8 


4 


3° 














49 35 




8 6-8 


9 


4 


40 






46 6 


















50 






46 1 


















31 0 














49 10 
























49 H 
























49 10 










30 












48 14 


49 + 






3 




40 










47 »9 


48 9 


49 0 










50 




















S 




33 t ° 


43 47 


44 38 


45 28 


46 18 


47 8 


47 59 


48 49 


49 4c 


5' 4** 


6 


3 




43 43 


44 33 


45 =4 


46 14 


47 4 


47 54 


48 44 


49 35 


6 5-0 


7 


3 




43 39 


44 *9 


45 '9 


46 9 


47 0 


47 49 




49 3° 


7 5'9 






3= 


43 34 


44 *"4 


45 »4 


46 4 


46 54 


47 44 


4! 34 


49 a 4 


8 6-7 


9 






43 »9 


44 20 


45 i° 


45 59 


46 49 


47 39 


48 29 


49 '9 


9 7'5 






5° 


43 25 


44 14 


45 4 


45 54 


4 6 44 


47 34 


48 a 3 


49' '3 
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TABLE XVII.- 


Correction l 




Moon's Altitude. 




p. 


'. 
















p.p. 








54' 


55' 


56' 


57' 


53' 


59' 


60' 


61' 


for 






34 0 


43 ao 


44 "> 


45 0 


45 5° 


46 39 


47 *9 


48 18 


49 8 










43 J 5 


44 5 


44 54 


45 44 


46 33 


47 *3 


48 Jl 


49 a 










43 1Q 


44 0 


44 49 


45 39 




47 '8 


48 8 


48 57 


I c-8 






30 


43 5 


43 55 


44 44 


45 34 


46 23 


47 " 


48 a 


48 5' 


2 1-6 


3 




4" 


43 ' 


43 5° 


44 4° 


45 »9 


46 iS 


47 8 


47 57 


48 46 


3 2-4 


4 




5° 


4-z 55 






45 *3 






47 5' 


ji ^ 


4 3'3 


s 


3 


35 10 




43 4^ 


44 =S 




46 I 


4 6 57 






5 4-1 


6 


3 




4* 45 


43 35 


44 *4 


45 '3 


46 2 


46 51 


47 40 


48 *j 


6 s-o 


7 


4 




42 41 


43 30 


44 '9 


45 8 


45 57 




47 35 


48 24 


7 58 


8 


4 


30 


4* 36 


43 25 


44 =3 


45 * 


45 51 




47 "9 


48 18 


8 6-5 


9 


s 


40 


4* 3» 


43 20 


44 9 


45 S« 


45 46 


46 35 


47 24 


48 13 








5° 




43 '4 


44 3 


45 5 2 


45 4° 


46 99 


47 17 


48 6 






l» 


36 0 


4a 11 


43 9 


43 58 


44 +7 


45 35 


46 afl 


47 " 


4 S ! 










41 15 


43 4 


43 53 


44 4i 


45 *9 




47 6 


47 55 










42 11 


4a 59 


43 48 


44 3 6 


45 24 


46 '3 


47 ' 


47 49 


1 o-S 






30 




41 54 


43 43 


44 3° 


45 18 


46 7 


46 55 


47 43 


2 ffi 


3 




¥> 


4* I 


4* 41 


43 37 


44 "5 


45 '3 


46 1 


46 5 c 


47 38 


3 2'4 






S° 


41 5! 






44 '9 






46 43 






5 


3 


37 10 




43 39 


41 a6 




45 2 


45 5o 




47 Jj 




6 


3 




41 45 


42 3? 


43 11 


44 i 


44 5 6 


45 44 


46 32 


47 ao 


6 4-8 








41 40 




43 '6 


44 3 


44 5 1 


45 39 


46 27 




7 5-S 


g 




30 


+ ' 34 


42 12 


43 1C 


43 57 


44 45 


45 33 


46 ao 


47 7 


8 64 


9 


i 


40 


4' 3o 


4a 17 


43 5 


43 5 2 


44 « 


45 27 


46 14 


47 a 


9 7'2 






5° 


41 14 


4* 11 


42 59 


43 4 6 


44 34 


45 « 


46 8 


46 56 








38 0 


41 iy 




4« 54 


43 4' 


44 a8 


45 '5 


46 -3 


46 51 










41 




41 48 


43 35 


44 

44 16 


45 9 


45 56 


46 44 












4* 51 


4a 4a 


43 29 


45 I 


45 50 


46 37 


1 o-S 






30 


41 a 


41 48 


4* J6 


43 *3 


44 9 


44 5 6 


45 44 


46 30 


2 rfi 






40 


4° 57 


4i 43 


42 3D 


43 18 


44 1 


44 S« 


45 38 


46 as 


3 2'3 






5° 


4° !' 






43 " 






45 3; 


46 1! 


4 3' 1 


5 








4i 3z 


4* 'S 




43 52 


44 39 






5 3'9 


6 


3 


K 


40 40 




42 


4» 59 


43 40 


44 33 


45 '9 


46 < 


6 47 


7 






40 35 


41 2r 




4»- 54 


43 4> 


44 27 


45 14 


46 0 


7 5'5 






30 


40 29 


41 15 


42 2 


4a 48 


43 34 


44 ai 


45 7 


45 53 




9 


5 


40 


40 u 


41 10 


4" 57 


42 43 


43 29 


44 »5 


45 * 


45 48 


9 7-o 






5° 




4t 4 


41 50 


41 36 


43 aa 


44 9 


44 54 


45 30 








4O O 


40 13 


40 59 


4' 45 


4* 3' 


43 '7 


44 3 


44 49 


45 35 










40 7 


40 53 


4' 38 


42 25 


43 '° 


43 5 6 


44 42 


45 28 












40 47 


41 3a 


42 18 


43 4 


43 49 


44 35 


45 »' 


t 0-8 






3° 


39 55 


49 40 




41 ti 


42 57 


43 43 


44 28 


45 14 


2 i'5 


3 




40 


39 49 


40 35 


41 ai 




4* 5 1 


43 37 


44 a3 


45 8 


3 2'3 


4 




5° 


3? 44 


40 =9 


41 14 


41 0 


42 45 


43 3° 


44 "6 


45 1 


4 3"° 


5 


3 


41 0 


39 3* 


40 24 


41 9 


4 1 54 


42 39 


43 as 


44 10 


44 51 


5 3"8 


6 


A 




39 32 


4°. 17 


4i 3 


41 48 


42 33 


43 '8 


44 3 


44 48 


6 4-5 








39 *7 


40 la 


4° 57 






43 '2 


43 57 


44 4* 




8 


i 


3< 


39 *' 


40 5 


40 50 


4' 35 


4a ao 


43 5 


43 5° 


44 35 


8 6-o 


9 


5 




39 "5 


+0 0 


4* 45 


41 30 


4* "5 


42 59 


43 44 


44 *9 


9 6-8 






5" 


39 9 


39 54 


4" 39 


4' 23 


42 8 


42 53 


43 3S 


44 21 
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ColiRKCTION c 






Moo,' 


Altitude. 




p. 












Moo 




Hob 
















P. P. 


Alt. 




54' 


55' 


56' 


57' 


58' 




60' 


61' 


for 












39 +7 














42 46 






44 '5 










3 s 


5 f 


39 4' 




it 










42 39 






44 8 










38 
33 


S> 


39 36 














4* .33 






44 1 




* 


] 




45 


39 *9 


40 




40 


57 


4' 


42 




43 


10 


43 S4 




3 






38 


40 


39 *5 






40 


5* 


4i 


35 




43 


4 


43 48 










38 




39 i? 




















43 4 1 








43 S ° 


























5 3-6 


6 






3 s 




39 S 














42 0 






43 27 


6 4-4 












3» 59 


39 


42 










4' 53 






43 10 


7 5*' 






30 






3 3 51 


39 


35 










41 46 






43 13 


8 5-8 






40 


3 s 




38 46 


39 


30 
















43 7 


9 6-6 






5° 




^ 39 


39 


^3 










4 1 33 






4* 59 








44 0 






38 34 


39 


















42 53 














38 V] 


39 












41. 19 






42 46 














38 3L 


39 


4 
















42 38 






, 


30 


37 


31 


38 »4 


38 56 


39 


40 


40 


23 




4t 




42 31 




3 




40 


37 


afi 


33 K 


58 51 


39 


33 


40 


l6 




41 




41 14 


3 2-1 






50 




iS 


3S 1 


38 44 
















4* 17 








+S 10 








3* 


3* 










40 45 








5 3'5 












37 4i 


38 31 










40 39 






4* 3 


6 4-2 












37 4i 


38 *4 










4° 3 1 






4i 55 


7 4-5 






30 


36 




37 35 


38 


"3 










40 93 






41 48 


S 5-6 




f 


40 


36 




37 »9 


$ 




38 








40 17 






41 41 


9 ""3 






5° 


36 




37 " 






38 


4* 






40 10 






41 33 








4* 0 






17.17 


37 


;s 


























36 




37 9 


37 


51 










39 5f 






41 19 














37 3 


37 


44 










39 48 






41 11 


1 0-7 


* 


I 


30 


36 


14 


36 56 


37 


37 


38 


1! 


3* 


59 


39 41 


40 


~i 


41 3 




3 


= 


40 


36 


s 


36 49 


37 


3' 


3* 


12 


38 


53 






15 


40 57 


3 2-0 






5° 


36 


5( 


36 43 


37 




38 




38 


46 


39 -7 


40 


8 


4° 49 


4 VJ 












37 


'7 




5 s 


38 




39 2 " 








5 3*4 


6 




7 K 








37 








38 




39 '3 








E 4-1 














37 


3 






38 




39 5 




46 




7 4 s 


8 


j 


30 








36 


56 






38 




38 s8 






43 19 


B 5-5 




e 


40 






36 9 


36 


5° 






38 




33 5> 






40 1a 


9 6-2 






Jo 






36 a 


36 








38 




38 44 






40 4 








+ S 0 




16 


35 56 




36 




16 






38 37 






39 57 














3S 49 


36 


ag 










38 29 






39 49 














35 4» 


36 












38 »i 






39 4i 


1 d-6 




i 


30 


34 


55 


35 34 


36 


'5 


36 


54 


37 


34 


38 13 


38 


54 


39 33 




3 




40 


34 


49 


35 *8 


36 


8 


30 


47 


37 




38 7 


38 


47 


39 »4 






3 


5° 


34 


41 


35 21 


36 




36 


40 


37 




37 59 


38 


39 


39 18 


4 2-6 


S 




49 0 


34 


35 


35 H 


35 


53 


36 


33 


37 




37 5 a 


38 


3> 


39 10 


5 3'2 








34 


2! 


35 7 


35 


4<S 


36 




37 




37 44 


38 


*3 


39 * 


5 3-g 


7 


I 




34 




35 0 


35 


39 


36 




36 


ss 




38 


16 


3* 55 






6 


30 


34 




34 5! 


35 


33 


36 




36 


50 


37 «9 


J8 


8 


j8 47 


3 5 -a 


9 


6 


40 


34 




34 4* 


3S 


»6 


36 




3« 


43 


37 22 


38 




38 40 


9 5'9 






SO 


34 




34 4° 


35 


18 


3S 


57 


3^ 


36 


37 >5 


37 


53 


38 32 
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TAB LB XVI!.- 


lORHECTIOS 0 


- the Moon's Altitude. 












loo.H's 












p. p. 




S+' 


55' 


5^' 


5/ 


58' 


59' 


60' 


6l' 


for 




So o 


33 54 


34 


35 11 


35 49 


36 iS 


37 6 


37 45 


38 *4 








33 4* 


34 *5 


35 3 


35 4= 


36 30 


36 58 


37 37 


38 i( 








33 40 


34 19 


34 57 


35 35 


36 13 


36 5* 


37 3 = 


38 8 


1 o-fi 




30 


33 33 


34 " 


34 49 


3 5 ^ 


36 J 


36 41 


37 3i 


38 c 








33 16 


34 4 


34 4i 


35 *o 


3S 5§ 


36 36 


37 U 


37 5 1 






5o 


33 19 


33 57 


34 35 


35 *3 


35 5" 


36 29 


37 ( 


37 45 






5 1 c 








35 5 


35 43 


36 31 


3 6 59 


37 3" 




S J 




33 5 


33 4* 


34 3o 


34 57 


35 35 


36 '3 


36 5 1 


37 38 


6 3-8 


7 S 




3* 58 


33 3* 


34 '3 


34 5i 


35 *8 


36 < 


36 43 


37 3i 


7 4'5 


8 6 


30 


32 Si 


33 *S 


34 6 


34 43 


35 *> 


35 58 


36 35 


37 13 


8 5-1 




40 


3* 43 


33 " 


33 57 


34 35 


35 «* 


35 49 


36 27 


37 4 






5° 


3* 36 


33 '3 


33 5i 


34 27 


35 4 


3 5 4 s 


36 19 


36 56 






5* ( 


3a 39 


33 6 


33 43 


34 1 9 


34 57 


35 33 


,6 ic 


36 48 








32 11 


3» 58 


33 35 


34 » 


34 49 


35 *: 


36 2 


36 40 








3* '5 


3* 5* 


33 31. 


34 5 


34 4i 


35 18 


3 5 55 


36 3* 


1 o-6 




30 


3* 7 


32 44 


33 " 


33 57 


34 34 


35 '0 


35 47 


30 »3 






40 


31 0 




33 '3 


33 49 


34 25 


35 « 


35 Y) 


36 14 


3 i-8 




5° 


3i 53 


3* 30 


33 6 


33 V~ 


34 iS 


34 54 


35 3 1 


36 3 






53 0 












34 4i 


35 *3 






6 5 




31 3* 


3* 14 


33 jo 


33 2 6 


34 * 


34 38 


35 "4 


35 5° 


6 3'6 


7 5 




31 33 


3» 7 


3* 43 


33 *9 


33 55 


34 3' 


35 7 


35 43 


7 4-3 


8 6 


30 


31 2+ 


3a .0 


33 36 


33 '» 


33 47 


34 * a 


34 53 


35 34 


8 4-8 


9 7 


40 


31 16 


3' 51 


33 iS 


33 3 


33 39 


34 15 


34 5° 


35 a S 


9 54 




5° 


31 10 


3= 46 


31 11 


33 56 


33 31 


34 7 


34 43 


35 '8 






54 0 


31 2 


3» 3* 


31 13 


33 48 


33 13 


33 59 


34 34 


35 9 








3° 55 


31 3° 


3* 5 


3- 4c 


33 '5 


33 5o 


34 =6 


35 * 








30 47 


3. 21 


3' 57 


33 3» 


33 7 


33 43 


34 17 


34 5» 


1 o-6 




30 


30 40 


31 14 


3i 49 


3* *4 


32 59 


33 34 


34 8 


34 43 






4° 


30 3» 


31 7 


31 41 




3* 5o 


33 »5 


34 ° 


34 35 






5° 


30 15 


31 0 


31 34 


33 9 


3* 44 


33 18 


33 53 


34 37 






55 c 












33 9 






5 *'9 


6 ■ 




30 9 


30 44 


3! 18 


3' 53 


3* 27 


33 ' 


33 35 


34 9 


6 3-4 


7. « 




30 3 


30 37 


31 11 


31 45 


33 19 


3= 54 


33 aS 


34 3 


7 4-0 


S 6 


3 r 


2 9 55 


30 19 


3" 3 


3' 37 


33 11 


3« 45 


33 19 


33 5! 


8 4-6 


9 7 


40 


*9 4S 


30 31 


30 55 


3' *9 


3» 3 


33 37 


33 '° 


33 44 


9 5' 1 




5° 




3° '4 


30 48 


31 33 


3i 55 


32 29 


33 3 


33 37 






56 0 


*9 33 
*9 *5 


30 7 

*9 5* 


30 40 
30 31 


31 13 

3' 5 


31 47 
31 38 


32 30 

33 12 


3* 54 
32 46 


33 28 
33 '9 








19 17 


*9 5° 


30 23 


30 57 


31 30 


33 4 


33 37 


33 " 






3° 


*9 9 


»9 43 


30 16 


30 45 


31 22 


3i 55 


32 38 


33 1 






40 


ag . 


"9 34 


30 7 


30 4» 


3" '3 


31 46 


33 19 


3* 5* 


3 r-6 




50 


28 54 


19 »7 


30 0 


30 33 


3. 6 


31 39 


32 u 


33 44 


























6 5 




iS 39 


29 11 


39 44 


30 17 


3° 49 


31 21 


3' 54 




S 


7 6 




18 31 


19 4 


*9 37 


30 9 


30 41 


3' »4 


31 46 


32 18 


" 3'7 


a 6 


30 


28 24 


56 


39 28 


30 I 


3" 33 


31 5 


3 1 37 


32 10 


a 4-2 


9 7 


. 4° 


18 16 


18 48 


19 ao 


39 51 


30 34 


30 57 


3. 2S 


32 1 


9 4-8 




5° 


iS 9 


38 41 


29 13 


29 45 


30 17 


30 49 


31 2C 


3i 53 





11 2 
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T ABLE XVII.- Correction of the Moqn'b AanruDE. 













Moo 


■a Horn 10. 










p. P. 










55' 


56' 


57* 


5 s ' 


59' 


60' 


61' 


for 








38 1 


28 


33 


aj> 


5 








31 




3i 44 










27 53 


28 


as 


28 


56 








3' 


3 


3i 34 












28 


16 


28 


48 








SO 


S4 


31 21 












28 


8 


28 


40 








3° 45 




























30 36 


3' 7 


3 >'S 










27 


53 


■ n 


24 


28 5; 


29 It 


ag 57 


30 


28 


30 59 




5 


4 


59 0 


17 14 


27 


4S 


28 


'5 


28 47 


*9 '7 


39 4S 


30 


■9 


30 5° 


; 26 


6 


5 






27 




28 


7 








30 




3° 4' 


6 3-1 




6 




26 S S 


27 


29 


a8 






39 1 




30 




3° 33 


7 3-« 


8 






26 51 


*7 


27 


5i 








x 9 


53 


30 34 


8 4-1 










27 


'3 


27 


43 








29 44 


3° '5 












17 


4 


27 


34 












30 5 








60 0 




26 


56 


27 


26 










26 


29 56 










16 li 


26 


48 


27 


j8 












29 47 










26 11 


afi 


40 


27 










a 9 




39 38 










26 2 


26 


3- 


a 7 














29 19 














?2 




53 








a? 


5° 


29 3D 












a6 




26 


45 


27 is 


27 44 


18 13 


28 


42 


29 12 




| 


4 


6» 0 


as 39 


26 


8 


26 


37 


17 6 


27 35 


28 4 


28 




89 2 


5 *'4 


6 


5 




15 3c 


*S 


59 
S« 


26 










28 


24 


18 53 


6 a-g 




6 






»S 


26 


K 








28 


IS 


28 44 


7 3'4 


8 








as 


4a 


26 










28 


6 


28 35 


S 3-8 




i 




25 6 


*s 


34 


26 










27 


57 


28 35 


9 4*3 








24 58 


^5 


27 


*S 


55 








27 


48 


28 16 








61 0 




as 




25 46 








27 


39 


28 7 












a5 




*5 


3» 








17 


3- 


»7 58 












*S 




*S 


3° 








27 




27 49 














54 


*5 










a7 




17 40 


2" '0-9 










*4 45 


as 


»3 




26 8 




27 


3 


27 31 


3 I_ 3 










*+ 


3Z 


*5 




as 3* 


*5 59 


26 a6 


26 


53 


37 21 


4 i-8 




4 

s 


63 _c 


24 1 


a4 


2 S 


24 55 


1; 13 


25 5° 




26 


44 


27 11 


5 


| 


*3 53 


»4 




24 47 






26 8 


26 


35 


27 2 


6 3-7 




6 






24 




*4 39 






16 0 


26 




26 54 


7 3' 1 


8 








a4 


3 


24 


30 








26 
26 


'7 


2fi 44 


8 3-6 




( 




23 21 


a 3 


55 














3 e 


9 4'° 






5° 


23 21 


23 4-7 


24 










a6 












64 0 




83 


39 




5 
S 6 








25 


50 


16 16 










a 3 


30 


23 








25 41 














a3 




23 


48 








*5 


3i 


2 5 57 












23 


■3 


*3 


39 








as 




15 48 


2 0-8 










23 


4 


23 '3° 








*5 




*5 38 














56 


2 3 




»3 47 


*4 13 


a4 38 


25 


4 


aj 39 


4 i*7 


| 


4 

! 




21 12 




47 


a3 


13 


23 38 


*4 4 


24 39 


a4 55 


as ao 


5 3-1 


6 


21 14 




39 


"3 


4 


23 z 5 


*3 


24 20 


=4 45 


25 10 


6 2-S 


7 


e 




22 S 




3° 








13 46 


24 10 


24 


35 


^5 1 


7 a-g 


S 


7 


3< 


21 56 








S 


23 11 


23 36 


14 1 


"H 


26 


24 5 = 


3 3-3 


9 


s 


40 


2! 48 




'3 




37 


23 a 


23 27 


23 53 


a4 


16 


24 41 


9 37 






5° 


31 41 




5 




3° 


22 54 


23 18 


13 43 


H 


8 


24 32 
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TABLE X V I L— C obkeotion op the Moon's Altitude. 



P. 


P. 








Moon's Hon™ 


f TAL PiS.ALf.il 












AU. 


''vt' 








Si' 


58' 


59' 


60' 












66 o 


41 31 


zt 56 










*3 


5« 


2 4 43 








— 




31 33 


4. 48 




44 36 






»3 


4! 


34 13 












21 i( 


41 40 










33 


40 


14 4 






2 


* 








41 S' 


44 ir 


14 11 


21 - 


33 


3 1 






1 






1c 


^ 58 


41 3J 


41 46 












23 41 


3 1 




4 


A 




40 49 


4[ 13 


21 37 


44 O 


44 4< 


aa 4! 


23 


11 


a 3 35 


4 > 


5 


5 


5 




20 41 


31 4 


41 28 


41 51 


aa 15 


44 3 s 


13 




23 45 


5 1 


9 


6 


5 




10 33 


30 55 






22 6 




31 


5* 


»3 »5 


6 4 


3 


7 


6 






20 48 












43 


a 3 7 


7 2 


7 


8 


7 




40 it 




11 


II 4t 


11 4* 


22 11 




34 


22 56 


8 3-0 


9 




AO 




ao 3c 




41 it 


21 38 






*4 




9 3'4 








>9 5* 














'4 


42 y, 












19 50 














5 


33 37 
















30 it 


ao 4f 








5! 












11 




19 5* 


40 l8 










46 


13 'f 




4 


* 










20 s 




20 5; 






36 


21 59 




7 








19 1; 


'9 38 


'9 59 












31 49 


3 ' 




4 






in 8 


15 30 


>9 5' 


10 13 


40 3J 


20 5 5 


31 


if 


41 4c 


♦ 1 


5 


S 


5 


69 c 


iS 59 


19 ai 


19.43 




ao 25 


ao 46 






21 30 


S ' 


8 




iS 51 


19 la 




■9 54 


30 k l6 


30 36 




5 s 


21 19 


6 4 




7 






18 41 


19 3 






ao € 






49 






5 


8 


7 




iS 33 


18 54 








30 IE 




39 




8 2 


9 


9 






18 3<; 


45 


4 6 

18 58 


19 If 




10 8 




a S 


ao 50 


9 3'3 








18 16 


18 37 










10 41 












18 7 


■S aS 


iS 48 












ao 31 












17 58 


18 19 




























18 ,0 










'9 


5° 






3 


f 


2 






iS 1 


18 20 








'9 


4 1 






7 








! 7 53 


18 11 


18 3a 










! 9 5 1 


3 ' 




4 








'7 44 


18 3 


18 13 


iS 42 


19 a 


>9 


aa 


19 41 


4 1 


3 


5 




71 0 


17 11 


17 35 


'7 54 


18 14 


18 3 ; 


18 5J 


•9 




19 34 


5 ' 


7 








17 6 


'7 25 




18 4 




18 43 


•9 




19 11 


6 a 




7 




40 


i fi 57 


17 16 








18 33 




5* 


19 11 


7 4 


3 








16 4 8 


17 7 


17 46 




18 4 


18 43 




43 


19 a 


8 2 




9 








16 59 


17 18 






18 15 




33 




9 3'° 








16 31 










iS s 




34 


18 41 












16 21 






17 18 








'3 


.8 34 














16 3 i 












3 












20 


16 4 


16 22 








17 36 


'7 


5* 


18 11 




3 


* 








16 13 


16 -II 








'7 


+3 


18 1 




6 










i6 S 


16 

J 6 * 








'7 


35 


17 5a 


3 0 


9 


4 






15 3! 


is 56 




16 Jl 


16 4S 


17 7 


■7 


"5 


17 42 


4 1 




s 


i 

6 




15 49 


'5 +7 


16 4 


l6 32 




16 57 


17 


14 


17 3a 


5 ' 


5 


6 


15 40 


.5 3 S 


'5 55 


16 I 3 




16 47 


17 


5 


17 aa 


6 1 


8 


7 


7 




'5 » 


15 48 


15 46 


16 3 


!e 10 


16 37 


16 


55 


17 12 


7 * 




8 


8 


30 


15 a 


iS 19 


i 5 3* 


«5 53 




ifi 48 


16 


44 


17 2 


8 4-4 


9 


9 


40 


14 54 


15 11 


IS 28 


15 45 


16 a 


16 18 


16 


3S 




9 * 


7 






50 


•4 4ft 


'5 4 


1; 18 


«5 35 


15 54 




16 


36 
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TABLE XV II.— Correction of tub Moon's Altitude. 



P. 


P. 


Mn.m's 




MOON'B 












Ale 




54 


55" 


56 1 


57' 


5 8 ' 


59' 


60' 


61' 








74 o 


14 36 


'4 S3 


15 J 15 96 




15 59 














14 17 


'4 '44 


15 0 


15 16 


■5 31 


: 5 49 


16 5 


16 21 










14 18 


14 34 


14 50 


1 5 6 


15 *3 


15 39 


15 55 


16 II 


1 0-3 






JO 


14 9 


14- ^5 


14 41 


•4 S'i 


1 5 13 


IS 29 


15 45 




2 °'S 


3 


j 


+0 


14 I 


14 16 




14 4! 


15 4 


15 «> 


15 36 


15 52 


3 o-S 






5° 


13 S* 


'4- 7 






'4 S4 


IS 10 




15 41 


4 i-i 






75 o 


'3 4-3 


13 jl 


•4 '3 


14 V, 


'4 45 


15 0 


ij 16 


I s II 


5 »-3 










■3 49 


14 4 


14 it 


>4 35 












40 


13 14 


13 40 


'3 5! 




14 15 


14 40 


14 55 


15 'o 


7 i-8 






30 


13 is 


13 30 




14 0 


14 l S 


14 30 


»4 45 


>s ° 


8 i-i 






4° 


13 7 






13 52 


'4 7 


14 22 


14 36 


14 JI 


9 2'4 








ii 58 


13 13 


13 28 


13 42 


■3 57 


14 II 




14 41 








7 « o 


12 49 


-1 3 4 


13 18 




13 47 


14 I 


14 16 


14 31 










19 40 


i* 54 


13 8 


13 93 


>3 37 


13 51 




14 ao 










12 31 


12 44 


19 59 


13 13 


13 97 


13 41 


13 56 


14 10 








3° 




12 35 


i» 49 


'3 4 


13 17 


'3 3' 


13 46 


13 59 


2 0-5 


3 


3 


40 


19 IJ 


19 97 


i» 41 


*» 55 


13 9 


'3 13 


13 36 


13 50 


3 07 


4 


4 


50 


19 4 


19 It 


i» 39 


19 45 


19 59 


13 12 




13 39 


4 °'9 






77 0 


11 55 






19 33 




i] 9 


13 rt 


13 29 


5 ri 


6 


( 






11 ; 9 




19 96 


It fo 








6 1-4 






30 


11 Ti 


11 51 


19" 3 


19 16 


19 30 


19 43 


'i 57 


13 10 


7 i-6 






30 




ti 41 


11 54 


19 7 




19 34 


12 47 


13 0 








4° 


11 19 


11 39 


11 45 


11 58 




i» 34 


11 37 


19 49 


9 91 






JO 




u 93 


ii 36 


11 49 




12 14 


12 26 


1* 39 








78 0 




11 14 


11 26 


II 39 


11 51 


19 4 


12 16 


19 99 










10 52 


11 5 


11 17 


II 9S 


n 49 


11 54 


11 56 


19 ig 










10 4.3 


10 ss 




" *° 


11 39 


11 44 




, o-i 






30 


10 34 


10 46 


10 S ! 






» 34 


11 46 


II 58 


1 0-4 


3 


3 


40 


10 96 


10 38 


10 49 






u *4 


■ 1 36 


II 48 


3 0-6 


4 


4 


5° 




id 28 


10 39 


10 si 


11 3 


11 14 


11 96 


u 38 


4 o-t 






79 0 


10 ) 




10 30 


10 41 


10 S3 


M 4 


11 't 


11 27 


6 10 






11 




10 y 




id 39 


10 43 
















9 4* 








W 33 


10 44 


10 S6 


11 7 


7 ' '4 






30 


9 39 


9 5° 




10 13 




10 35 


10 46 


10 57 


8 i-6 






40 


9 3" 


9 4i 


9 SB 


10 3 


10 14 


10 95 


10 35 


10 46 


9 i-8 






5° 


9 99 


9 33 


9 43 


9 53 


10 4 


10 15 


10 25 


10 3 6 








80 0 


9 13 


9 2 3 


9 33 


9 44 


9 54 


10 5 


10 15 












9 3 


9 '4 


■9 94 


9 34 


9 44 


9 55 


10 s 


10 1 5 










8 54 


3 + 






9 35 


9 45 


9 55 


10 5 








30 


8 4| 


8 55 


9 5 


9 >5 


9 *5 


9 35 


9 45 


9 55 


2 0-3 


3 


3 


4ft 


8 36 


8 46 


8 56 


8 s 


9 15 


9 »5 


9 34 


9 44 


3 o-s 


4 


4 


5<» 


8 97 


8 37 


8 46 


8 56 
8 46 


9 5 


9 15 


9 94 


9 34 


4 o-fi 


S 


5 


81 0 


8 iB 


8 *7 


2 37 


g jj 


9 5 


9 M 


9 *4 


5 o-S 


6 


6 




8 9 


8 18 


8 27 


8 36 


8 4j 


> 55 






6 i-o 




7 




8 0 


8 9 


8 iS 


8 27 


8 ji 


8 45 


8 54 


9 3 


7 i*« 




8 




7 5o 


7 59 






8 26 


8 35 


8 44 


8 5* 




9 


9 




7 4' 


7 5° 


7 59 


8 l ] 


8 16 




8 31 


a 42 


9 ''5 






5° 


7 3* 


7 4 1 


7 49 


7 58 


8 6 


8 1 S 


8 23 


8 39 
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TABLE XVII.- 


CoRllECTIOH C 






Altitude. 






p 










Moon's Honizo 










% 




1 






S4-' 


55' 


s 6 ' 








60' 


61' 












7 *3 


7 3' 


7 4° 


7 48 


7 56 


8 5 


8 13 














7 1+ 


7 3a 


7 3° 


7 38 




7 55 


8 3 


8 11 












7 5 


7 '3 


7 si 


7 »9 






7 53 


8 1 










3° 


6 55 


7 3 


7 " 


7 19 






7 4» 


7 5° 










4° 


6 46 


6 54 


7 * 


7 9 




7 *5 


7 3* 


7 4° 










5° 


6 37 


6 45 


6 S 2 


7 0 






7 aa 


7 »9 










B 3 o 


6 28 


e 3 6 




1 


6 57 




7 


7 »9 




6 


6 


( 


11 






6 33 












6 t 


8 


7 


: 




6 9 


6 16 


6 23 




6 £7 


6 44 


6 S ! 


6 58 


7 0 


9 


! 


! 


JO 


6 0 


6 7 


6 14 




6 27 


6 M 




6 4 S 


8 1 


° 






40 


5 5" 


S J8 


6 4 




6 18 




6 fi 


6 37 










5° 


5 42 


S 48 


S 55 


6 1 




6 14 


6 ai 


6 27 










S 4 0 


5 33 


5 39 


5 4-5 


5 5> 


5 58 


6 4 


6 10 


6 17 












5 *3 


S 3° 


5 3« 


5 4* 


5 4 S 


5 54 


6 0 


6 £ 












5 '+ 


5 30 


5 26 


S 3» 


5 38 
5 2$ 




S S° 


5 56 










30 


5 i 


5 » 


5 '7 


S 22 




5 40 


S 45 












4 5<> 


5 1 


S 7 


5 *3 


5 >S 


5 *4 


5 *9 


5 35 










5° 


4 47 


4 5* 


4- 57 


5 3 


5 8 




5 »9 


5 *4 










85 0 


4 37 


4 43 


4 48 


4 53 


4 58 




5 9 


5 *4 






6 


6 








4 38 


4 43 


4 4 s 








6 0 


e 




7 


30 


4 '9 


4 24 


4 29 


4 34 


4 38 


4 43 


4 48 


4 53 


r a 


6 




* 


30 




4 14 


4 19 


4 "4 


4 *9 


4 33 


4 38 


4 43 










4° 


4 0 


+ s 


4 10 


4 =4 




4 23 


4 aS 


4 3* 


> °' 








S° 


3 S 1 


3 56 


4 0 


4 4 


4 y 


4 >3 


4 '7 


4 22 










86 0 


3 4a 


3 46 


3 5° 


3 55 






4 7 














3 33 


3 37 


3 4' 


3 45 






3 S7 














3 *4 


3 *7 


.3 3» 


3 35 






3 47 


3 5" 










30 


3 «4 


3 "8 


3 22 


3 25 






3 36 


3 40 












3 5 


3 9 


3 ia 








3 z6 


3 30 










5° 


a 56 


a 59 


3 a 


3 6 


3 9 


3 13 




3 19 








5 


87 0 


x 46 


a So 


2 S3 


a S 6 


2 59 


3 a 


3 5 


3 9 






6 


6 








a 43 


2 46 




a 53 






6 0 




7 


7 


so 


a 28 


2 31 


» 34 


2 36 


a 39 


a 4a 


a 45 


a 4 S 




4 




8 


30 


2 19 




2 24 


■a a 7 


a 39 


2 32 


* 35 


2 37 


t ° 


5 


9 


9 


40 






a 14 


2 17 


a 19 




2 14 


2 27 










5° 




a 3 


* 5 


2 7 


a 9 




2 14 


2 i6 










88 0 




' 53 


' 55 


1 57 






2 4 


2 6 












1 42 


, 44 


1 46 


1 48 






« 53 


1 55 












1 33 


1 34 


1 36 


' 38 






1 43 


• 45 










30 


1 23 


1 15 


1 16 


1 38 






1 33 


> 34 






3 


3 




t 14 


1 15 


J 17 


1 iS 








1 24 










So 


' S 


I 6 


1 .1 


x 8 








1 13 






I 




S 9 a 


0 56 


0 57 












1 3 






6 


e 




0 46 




0 48 


6 49 






' 5 * 




i 0 




7 


7 




0 37 


0 3 S 


0 3 8 


0 39 


0 40 


0 41 


0 41 


0 4a 


I ° 








30 




0 28 


0 29 


0 29 


0 30 


0 30 


0 31 


0 31 






9 


9 




0 18 


0 19 


0 19 












9 » 








5° 


0 9 


0 9 
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TABLE XVIII. 







i 


s 


sJTirs- irirj?? 'S'ffsss sssss 




i 
I 


s ss-as-e, ss^.g-e, 

ins ma pn ifftff 


s 
1 


3 


2,«2 s «R?8, E-gS,^ asms 

i=,5,=,2, 8,5,8,2,?, 2,8,2-2-5- 2-3-2-2-2- 


a 


1 


8.^5^* iS-SSS; 2S3-2-? .fK^KSi 

|MM fill! pill ftlsss 


i 
1 
r 


■a 
s 


irss-as issi j §;2s,kr ir8 8.ii 


a 
a 


I 


S^g^ 3-^3^? ETBIT'S.S.m 

pitl flltl pyl |!f=tl 


i 
1 


la 
<5 


SlISs 3,K*3 S*J?> iflH 

SSSK" £3,2.2,2, 8,2,?,,2:S; 


a 
a 


5 
J 


9.Js.ra si^sr K8.8.5S RS-ssas 

pi! pti pin mm 


1 

2- 


M 
3 


sssvgi! s-saas, 
KKa^r j-j-ssi- 


a 


i 


SIrTh S^SSS IHH 

?Uh >»m mil mhi 


1 
1 


I. 


®m mu um am 

ZZZZZ « 2 : 2 2 2 2 2 2 2 22222 


i 


1 


fflif jiff pi fins 


1 

.3 




■>»•—« 2:2™* r»«s?s 
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TABLE XVIII. 

Logarithms fob pindino the Hohaby Ahole ob Apparkst Time. 





israR* ssss,;, aw-srs sjirass 






11!!! EFJ. frill flfls 


i 


{ 


fill pi ill! fill 




1 






I 


pin fin pi pta 


1 


5 


g|&gs SS&i SSHS i^-slss; 


I 


I 


pill pin pi pn 


1 


§ 


Hill lift! {III! 






pill pilf pIU 


! 


§ 


-,™o« 

ISffJ SSKi SvsSH 5 2 Is 3 


a 


1 


piii pi ffitt Httit 


8 




£ * 3 * " 2 ? EL'S 2. t " 2.S 

Sks-s. ixlls SUSi isfiff 


§ 




plpppMpiil 


! 


i 


assy* «ns 8.5,as;s ss,ws,a» 
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TABLE XVIII. 

Logarithms for prHDiira the Horary Asole or Apparent Time. 





ni^s- s~"-» »*««- o 


i 




sHs! silss. £ES?S SL s s 


1 


1 


pi pi pi ps 


1 




mi! isiij mn mn 


i 


! 


pit flli pill ffilii 


S 

1 


i 


mis mil mis mil 




! 


mu mi% uim 

Ssszs fssss Ssssi 


i 




111!! 111!! mil Iff II 




i 


fill 111 pi pi! 


1 




mil ism imi mi! 


1 


i 


pill pit pill pllll 


S 

8 


s 


issss slM ssih itki 


1 




in pi i pin ;im 




4 


g. 5. g. 5? $ S^? 1 ^ ? 8, 5, S, £ £ t'S, K,S 
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TABLE XIX. 

CoHHON AND HlPEBBOLM LOGARITHMS. 



Common 
Logarithms* 


Hjp. Logarithrui, 


Hyperbolic 
Logarithms 


Com. Logarithms. 


V 


»'3<>»s!s* 


I- 


■43+194.5 


a- 


4-605 1 70E 


a- 


■8685890 


3" 


6-9077553 


3' 


1-3018834 




9-2103404 


+' 


1737 '779 


5" 


11-5119255 


5" 


1-1714724 


6- 


13 -Bi55 10 6 


6- 


1-6057669 


T 


16-1180957 


T 


3-0400614 


s- 


18 -4106 807 


%• 


3:4741559 


9" 


20-7131658 


9' 


3-9086503 



TABLE XX 
Ctjrvatubb or the Eabth and Refeaotios. 



Distance 
Chains, 


Curvature. 


Curvature 

and 
Refraction. 


Distance 
Miles. 


Curvature. 
<* 


Refraction. 




Feet. 
















00009 






'57 








00036 


2 


a-fi 7 


1-29 


3 


-00094 




00080 


3 


6-oo 
10-67 


5''4 


4 








4 


91 5 


5 








5 


16-67 


14-29 


6 


•00375 






6 


34-00 


*o-57 


7 


•00511 




oo] 3 8 


7 


31-6B 


18-01 


8 


-00667 




00572 


8 


41-69 




9 


•00844 






9 


54-01 


46-30 








00893 






57' 17 




•01261 




oicSi 




80-71 


69-18 




•01 501 




01286 




96-05 




'3 


■0176! 




01510 


■3 


113-72 


'till 


»4 






01751 


'4 


130-73 


1 11-05 


'5 


•02345 






'S 


150-08 


128-64 


16 


02668 






16 


170-75 




'7 


■03011 




ITssl 


17 


19277 




:8 


■03377 




02894 


t» 


216-10 


183-13 


19 


■03761 




0312s 


'9 












03573 




166-80 


228-68 


40 


■1668c 




1430s 


25 


41 6-88 


357-32 


60 


"375'9 




3=173 


30 


600-30 


514-83 - 
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TABLE XXI.— Tbiqosomitrioai. Equivalents. 
(Arc c — half the arc a.) 


,„ 1 * — ninn.mjn 

~ ^/ t ! + (tone) 1 eotc+ tane 

i - {tan ( 4S ° - c)} 1 . ; „ «„ 0 + M _ , fio ° _ A 

I + {tBl(+5°-^>" 




*/i + (tana) 1 ^ i + (cota)" 

yl + 0*148 

-.-(-•)■-' (<™ «)'-■- v/ . — 

.-(land 1 .«<-•■< ' 
"l + (tanc) s eoU'+tane 1 + tana. tanc 


w T «" 1 - Si -=sb -v^=J?-'" " ' 

uca sina gina.coio «✓*— («>■«) 




"coseca " v'l - (sina)* cota CDsa 

atone aeotc ' * i — ewza 




"l-(H' (cot^-i cotc-wnc nn»« 




(4.) Cota = ^(cosmqV — i = therMiprocaliofthaaboTB 
expressions for the tangent. 


( S .l Seea - + (tana)' - — -the reopmaL. of the 
expresiions for the coaine. 




(6.) Co SeC B = Vi + (cota)'= - won .cot a - ^— -the recipto- 
call of the aboye expregsiong for the line. 


(,.) V-i.a - Jf£- a . \ (8.) OMdb— 
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TABL E 

(i.) Sinja 
(a.) Sin = 
(3.) 3in J 
(4-) Sin.; 
(SO Sin j 
(6.) Sin n 

(7.) 



XXI 1— Expmasioys pob Muluplb Abcs. 



' — z sin a . cos a, 
= 3 sin 0 — 4 (sin a) 1 . 
— cos a {4 sin a — 8 (sin a) 3 }. 
= S «n 0 - a o(rin a )' + i6( B m<,)». 



»-3) • (»-4) 



+ 

_ »-4)'.'(' 



s)-0 



(3.) Co 9 ia = ^ 

(9.) Cos 11 
(10.) Cm 3 a 
(u.) C M+a 
(«.) Co..; a. 

(13.) Co. no = 



■4 (coaal»— 3 cog a. 
•S («wo)«-8(mao)*+i. 

(cos o) J + 5 cos a. 



(.4.) Ikn£- 

(tj.) Tan 2 o 
(16.) Tan 3 a 
(17.) Tan 4 a 
(iS.) Tan 5a, 
(J 9.) Cot 2 . 
(20.) Cot 2 a . 
(21.) Cot 3 a • 
(22.) CM4„- 
(23.) Cot 5 a 




6(tano)'+(tan<i)'' 
5 tan a - 1 o (tan a)*+ (tan a>> 
i-io(tana)"+s(tana7* ' 



\/i + (cot a) 1 ,- cot a 
i (cotn)'-!^ 

(cot a)' — 3cota 

3 (cot a) 3 -, * 
(cotn)«- 6 (cot a y+ i . 

4 (cot a) 3 — 4 cot a 
(coto)»- lo(cotn) 3 + S cotg 

5(cota)<-io(cot a ) 3 +i " 
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TABIiE XXIII.— Foa ntm beiatisq to two Abos qb Amqmb. 
(i.) Sin (a + ft ~ sin a . cos fl + cos a . ein 0. 
(x.) Sin (o-ft-sin a. cos /I -cos a . sing. 
. (3.) Cos (a + ft - cob a . cos fl — sin a . tin 0. 
(4.) Cos(a-0) = cosa.coa/J + iuna.aiii,3. 

<=•) 

w <■-<■>- i f t •:fL^ ■ 
<^>°°'<°+»= e 4sTfe-'■ 

(9.) Sb <« + ft . .in (a -/J)- (sin a)' - (sin ft' - (cos 0)' - (coi a)'. 
(io.) Cos (a + ft . cos (a - ft = (cos «)' - (sin ft 1 = M ft" - (""> «)*■ 

Sinjo + ft tonjH-^ = co^£+COta 

Sin (a -ft = tan a -tan/) cotg-cota 

Coa( n -t-ft cotP-tana ^cota-Unfl 

Sin (a-ft = cotfl + iana cola + tanfl 
(13.) Sin a + sin 0 = a sin 4 (a + ft . oos 4 (a - jft. 
(14.) Sin a -sin (3 - 1 sin i (a-ft . cos 4 (a + ft. 
(1 S .) Cos a + co» P = 1 cos 1 (a + ft . cos i (a - ft. 
(16.) Cos a -cos 0 = s «n 4 (a-ft . sin 4 (a + ft. 

(.7.) H- ™}*^ - 

( I9 .)Cota + cot«-^±^. 

wn (a -0) D 

(*>.) Cota-cotfl^ ^j^ . 

(m.) »sina.coflfl-=BUi(a + fl)+sin(a-fl). 
<».) icoso . sin(3=sin{a + ft-sin(a-ft. 
(23.) icosa . cos B - cos (a + ft + eos (a -ft. 
(14.) asina . sin e = cos (a-ft-cos (a + ft. 

tan (a + £)+Umy 
(* S .) Tan(a + fl + y)= r _ ta ; (a+W , my 

tan a+tang+tany -tan a. Inn fl . tan y 



: . tan 0— tan a 
If o + 0+y = *. 
(a6.) Tana + tan0+tany = tana. tan 0 . 
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TABLE XXIV.- 



iipreasions for the sin, cos, tan, and cot, in terms of the arc a. 



... ' ....H.i.i'" 
-(-^■(-^)-(-^)-- 

(4.) Cot a - — 



Expressions for the are in terms of the sin and tan. 
(5.) Area = sina + 4- 1 • 3 • (""")' 4. &e . 



(6.) Area 



(tang)' , (tang) 1 



•3-4- 5 



Expressions for the power* of the sin and cos. 

(7.) aMn«i£ 

(8.) 4(ainal 3 = 3 sina - B in 3<1 , 
(9.) 8 (sma) 1 = 3 — 4. cos 2 a + COB40, 
(10.) i6(sina) s = sin 50 _ j an 311 + lorioa, 

(„.) i "(sm a )n= ±la i nnaTln ..in( B _ a ) a± i!Li^. i n(„-4) (I 

-»JL (»-O-0»-») m(n _ 6)a ' ± L. 

When n is of the form 4m 4- 1, use series {11) with the upper signs. 



11 " 11 4m — 1, „ (11) „ lower signs. 
>r " » 4 m . 11 ('«) upper signs. 

11 « >. 4>« + a, » (11) 11 lower signs. 

14.) 4 (cos a) 1 = cob 3 a + J eos a, 
5 ) 8 (c°s a) 1 = COB40 + 4Cosia 4- 3, 

(16.) i6fcoso) s = cos 5a + 5 cos 3a + locosa. 

{17.) a- (cos «)" - 2C0SHO + an . cos (a - a) a + 1,1 ( " ~ ^ cos (it - 4) « 



("-■) ■ {« ~ ») ■ fa- 



The formula ending in '— v - - — — cos (n — n) a, 1 



1) ■ - a) ■ to- 



. odd number, 
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TABLE XXV. — Fobmuls fob Soltiho am- the Cases 

OF A ReGTUANBAL TeIAKGLK, OF WHICH THEEB FABIS ABB KNOW. 






(I.) A 


,i.< ^ Y 


(a.) 


™» ' * 


(3-) 


B 

cos y + sin ? . cot a" 


(4-) 


c 

cos 0 + iin (J . cot a 


(s.) 


-B.coay + B..in,..c 0 t/J. 


(6.) 


= O.C0 S( 3 + C.iin^.eoty. 


(7-) 


- ^(B"+ (P-aB.C.cosa). 


<»■> 


-B.coBy+vlC-B'.^ny)'}- 


to.) 


-0.co. t 9±^{B>-C a .(.im8)-} 


Value of the eia of any angle, ai 3. 


(10.) BmS 
(...) 


B.dna 
A ' 


(...) 


- rin { r + o) 


(■3) 


- riny .co»<i + coiy. sinu. 


(•*) 


B.niiia 
v'.B' + C 1 - iB.C.coaa) 


(-5) 


B..my 
V , (B» + A* — aB.A.coiy) 


(>«■> 




(.?•) 
(...) 


- sina {C . cosit + •/ A 1 — C. («in a') J 

iin).{A.coay+ \/ C* — A'-fainy) 1 } 

C 
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TABLE XXVII 


— DrFFBHENTiAi CoEFFiaraNTa. 


Value of u. 


Value of 4^- 
d* 


(i.) 

(».) H* 

£3.) 

(4.) lag,, 1. 


m f in which m is the modulus of the 
x \ sjstem of logarithms. 


(5 ) log, z - 
(6.) a-. 
{7.) Bin 1. 
(8.) coax. 


— [i 1-7183818.] 
a' Iofr ( a. 

— ain x. 


( 9 .) tan*. 




(10.) toll. 
(11.) (ate*)'. 
' (is.) (cos*) 3 . 


-J&TxF 
teinx . cosx. 
— »einx . cosx. 


(ij.) (too*)'. 


(•o.x)" 


(14.) (cot*)". 


ISTxp' 


(i S .) ifa->*. 




(l6.) COB-' I. 


~ V.-x- 


(17.) tan-'x- 
(iS.) + 

(40.)/* . fx . -px. 


a <»*> + '<*«> 

dx - dx 

(+«)* 

f x. + ,.UM + /,.*x.i*S 
f* ' lie J dtf 


(21.) £t>, in which 


d. <^r)' iA9 v) 
ix "~do 
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Circumference of a circle 1 _ 

whose dia. = i - ■ J 
Area of the same . . . . = - : 

Diameter of a circle"! - 
whose area = i J r * ' 

Surface of a sphere whoso \ 

dia. = l J ~ 

Solidity of the same . . • — g ; 

Diameter of a sphere 1 

whose aolidity=i J *^ *- " 

Length of arc i"c=sin i"(rad. 1 

being unity) J" 

Length of arc i"= sin i" (rod. \ 

being nnity) | 

Length of arc 3" = sin 3" (rad. 1 

being unity) J : 

Length of arc 1 = sin 1 (rad. "1 



lity) 



Length of arc ] Q (rad being unity) - 
Length of sin I s (rad being unity): 
Radius reduced to seconds ■ : 



360 degrees expressed in seconds = 
11 hours expressed in seconds = 
14 hours expressed in seconds : 
No. whoso hyperbolic loga- j. = t • 
Modulus of common logarithms : 
No. of French metres in a toise . : 
No. of English yards in a French 1 _ 

No. of English feet in a French | , 
No. of English yards in a French 1 . 



No. of English feet in a French \_ 

metro j*~ 

No. of English inches in a French J _ 

No. of English feet in n French foot - 
No. of English acres in a French are c 
No. of imp. lbs. Troy in a French 1 _ 
gramme J* 



3-J4' 5917 
07853981 



3-1415947 
0-5135988 



306264-8 
343774677 
57-1957^0 

43100 
86400 

171 828 1 819 
-434894481 
1-949040 



6*39*59*5 
1-0936331 
3-1808992 
39-37079 
1-0657654 
0-01471 143 
000168098 



'■4971499 
1-8950899 



0-4971499 

7- 7189986 

0- 0936671 

■6-6855749 
6-9866049 
5-1616961 

4-4637*61 

8- 1418774 

1- 2418553 



V63S4837 
V93 6 5»37 
3-4342944 

'■6377843 
3-2898117 
3-32869 r 6 
0-8058128 
0-0388716 

0- 5159929 

1- 5951742^ 
0-0276616 

2- 3928978 

3- 4181936 
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TABLE XXYIH. 
TTsffFtn. Nokbkiib, with their Logabjthmb. 





Nnmbar. 


Logarithm. 


if logarithm. 


French gramme . . . . . 




0 -002 10 60 6 


3"343°i73 


11-6563817 


? o. of Knglish cwte. in a French 


— 


0-0196969 


1-1943979 


1170560*! 


So. of imp. gallons in a French 




0-22009687 


7-3416137 


10-6573863 


So. of Sexagesimal degree* in a 
Centesimal degree ..... 




0-9 


7-9542425 


10-0457575 


So. of Sexagesimal rainntei in a 
Centesimal rainnte ... 




°'5+ 


17313938 


10-1676061 


No. of Sexagesimal seconds in a 
Centesimal second . ■ . 




0-32+ 


1-5105450 


10-4894540 


Weight of a enhic foot of pure 






17946348 




water in lbs. Avoird. the Bar. 




6i"32io6o6 


8-1053651 


being 30, and the Ther. 62 0 










Length in inches of a pendulum 








8-4073860 


which vibrates seconds in the 


h 


391393 


1-5916130 


latitude of Greenwich . . 








Velocity (in feet per second)"! 










acquired in a second by a 1 

body falling in vacuo in f * 


32-1908+ 


i' 5077 212 


8-49*1778 


the lat. of Greenwich .J 










No. of cubic inches in an im- 
No. of feet in a statute mile . 


h 


277-174 


2-4429092 


7'557°9°8 




5180 


37126339 


6-1773661 


No. of feet in a geographical or 


h 




37835891 


6-2164108 


Diurnal acceleration of stars 










( = 3" 5S* - 9°93) expressed in 
mean solar seconds . . . 
Sidereal day (=13" 56™ 4 '-oo) 
expressed in mean solar days ■ 


= 


235-9093 


a 371744" . 


272559 




0-99726967 


79988127 


:o-ooii8 7 3 


Mean solar day 

(=a 4 \r 5f -5554) 
expressed in sidereal days . 








9-9988126 




1-00273791 


0-0011874 


Sidereal revolution of Earth ex- 
pressed in mean solar days . 
Tropical revolution of Earth ex- 
pressed in mean solar days . 
Earth's equatorial radius ex- 
Earth's polar radius expressed b 




365-15636 


1-5615978 


7-4374012 




365-24224 


2-5615910 


7-4374080 






7-3205963 


1-6794037 




20*52394 


7-3191559 


1-6808441 


Compreasion^f the Earth . . 




302 






Length of a degree of latitude in 
feet at the Equator . . • 




361732 


5'5S9S859 


4-4404141 


Length of a degree of latitude in 
feet in latitude 45° . ■ ■ 


H 


364S43-5 


5-5617494 


4-4382506 






• = s?rs ass,* sash's = ssrss," 
•s-sjsas arasraas 1 * s-Sff«*si:6 



•'-"■sstfsass^K-sKSJK a = =,a -sii - 
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TABLES 

NATURAL SINES AND TANGENTS 
NATURAL COSINES. 
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ADDENDA. 



EXPLANATION OF THE FOLLOWING TABLES. 

Pp. 9 to 47.' 

The following Tables are intended to be used conjointly 
■with the "Mathematical Tables" — published in the series 
of Rudimentary Treatises — in the various computations of 
Navigation and Nautical Astronomy. They are four in 
number, and the purposes they serve will be readily under- 
stood from the following brief explanation : 



Tables 1 and 2. 
Sines, Cosines, Sfc, to every Quarter-Point of the Compass. 

The first of these Tables exhibits the Natural sines, cosines, 
&c, of Courses to every quarter-point of the compass, and 
the second furnishes the Logarithmic sines, cosines, &e., of 
the same angles. Here are two examples of their use : 

1. A ship from latitude 37° 3' N., Bails SAV. by S. J S. a 
distance of 148 miles: required the latitude in and the 
departure made ? 
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EXPLANATION OF THE TABLES. 



For the diff. Jal. 
f. lat. = cos course x dist. 
:os course, 3^ points^ '773 
dUtuncc = 148 

618* 
3092 
773 

diff. Int. S. = 314'404 
= 1° 54' 5. 
tat. left . 37 3 N. 

lat. in. . .35 9 N. 



For tlit departure. 
Dep. = sin course x dist. 

sin coarse, 3J points = -6343 
distance = 143 

50744 
25372 
6313 

departure W. =93-8764 

Hence the departure is 93 '9 
miles W. 



For the diff. lat. 
Diff. lat.=cos course x dist. 

loo 

cos course, 3i pointa = 9-88813 
distance=148 . 2-17026 

diff. lat. S.=114 . 2-05844 

or diff. lat.= 1°54'S. 



For t/te departure. 
.-An course xdist. 



sin course, 3J pointa=9-80236 
distance=148 . 2-17026 



departure » 93 -9 . 1-97262 
.-. the departure is 93-D m. W. 



2. A sliip saila from latitude IS 0 55' S. on a S.E. § E. 
course till sho finda herself in latitude 18° 49' S. : required 
the departure made P 



Kt Tablh 1. 
For the departure. 
Dep. =tan course* diff. lat. 
tan course, 4J poiiits = l"2135 
diff. Iat,= 174 

48740 
85295 
12185 

departure E. =212-019 



Br Tadle 2. 

For the departure. 
Dep. =tan course x diff. lat. 

tan course, 4} points = 10 -0S583 
' diff. lat. = 174 . 2'24055 

departure=212 E. 2-32638 

Hence the departure is 212 
miles B. 



EXPLANATION Or THE TABLES. 



Table 3. 

Natural Sines, Cosines, Tangents, and Cotangents. 

This is a table of natural Bines, cosines, tangents, and co- 
tangents to every degree and minute of the quadrant. It 
will be found useful in finding the direct course from the 
beginning to the end of a traverse, and in many other 
computations of Navigation and Trigonometry in which it 
may be inconvenient to employ logarithms. Ample illus- 
tration of the advantage of this table is ■ given in the 
Rudimentary Navigation and Nautical Astronomy. 

Table 4. 

Natural Cosines to Degrees, Minutes, and Seconds. 

This Table is employed in the Author's method of clearing 
the lunar distance for the purpose of finding the longitude 
at sea. The several columns of cosines are headed by the 
degrees, the accompanying minutes being inserted in the 
first column on the left of the page : this is equally a 
column of the seconds, and is accordingly headed by the 
marks for minutes and seconds. As in the ordinary trigo- 
nometrical tables, the cosine of an arc or angle belonging 
to any number of degrees and minutes is found in the 
column of cosines, under the degrees, and in a horizontal 
line with the minutes found in the first column. 

Suppose this cosine to have been extracted from the 
table ; then, if there aro seconds also in the arc or angle, 
we again refer to the same first column for these, and in'the 
same horizontal line with them, and in the column headed 
"parts for "" which immediately follows the column from 
which our cosine has been extracted, we shall find the 
correction for that cosine : this correction is always to be 
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VI EXPLANATION OF THE TABLES. 

subtracted. The remainder will be the cosine of the given 
degrees, minutes, and seconds. But in taking out a cosine 
to degrees, minutes, and seconds, it will in general be 
better to enter the marginal column first with the seconds, 
to write the "parts" for these on a slip of paper, and then, 
entering tho same column with the minntes, instead of 
extracting the corresponding cosine, to place the slip under 
it, and subtract the correction written thereon. The Table 
extends from 0° to 90° only, so that it does not give 
immediately the cosines of obtuse angles : when therefore 
the angle is obtuse, we must enter the Table with the 
supplement of that angle, and regard the corresponding 
cosine as negative. It was thought better that this trifling 
amount of trouble should be incurred, than that the extent 
of the Table should be doubled. 

There is indeed a way of avoiding this enlargement of 
the Table, and yet providing for the supplementary arcs ; 
but 33 the Table would then have to be used in a peculiar 
manner — disturbing the general principle upon which the 
extracts from it are made in the other cases — it was thought 
■ preferable, after due consideration, to reject it. The plan 
is this. Suppose a marginal column added to the right of 
each page, for the minutes and seconds, proceeding upwards 
from 0 to GO, and that the degrees supplementary to those 
at the top of the page (one degree in each case being 
omitted in the supplement) were given at the bottom, as 
jn.the ordinary tables of sines and cosines ; we should then 
have to use the table aB in the following instance. Eeguired 
the cosine of 115° 41' 34* ? Referring to page 43, we 
Bhould find 115° at the bottom of the column headed 64°, 
from which column opposite the 41' on the right, we should 
take the cosine 43397, then referring to the left for the 34", 
we should extract the "parts" 149, which we should have 



EXPLANATION Or THE TABLES. TU 

to add to 43397: wo should thus get 433510 for the 
required cosine. As the Table at present stands, however, 
we enter it with .64° 18' 26", the supplement of 115° 41' 34", 
and for 64° 18' we find 433659, while the " parts " for 26" 
are found in a similar manner to be 113, which subtracted 
from 43365!) gives 433546 for the required cosine. 

It has not been thought necessary to insert the decimal 
point before each cosine ; indeed, in the operation for which 
this Table ia specially prepared, the numbers may always 
be regarded aa integers. (See p. 227, Budimentary Naut. 
Aat.) 

Ex. 1. Suppose the natural cosine of 37° 21' 33* were 
required : 

Turning to the page containing 37° at the top (pnge 39), 
we find the "parts" against 33" to be 98, and the cosine 
against 21' to be 794944, subtracting the 98 from this, we 
write down 794846 for the cosine required. 

2. Again, suppose we wanted the cosine of 118° 16' 43": 
Subtracting this from 180°, the angle in the Table ia 

61° 43' 17". Under 61°, and against 17", the " parts " are 
72, and against 43', the cosine is 473832 : subtracting the 
72 from this, we find 473760 for the required cosine, which 
is negative because the proposed angle is obtuse. 

3. Eequired the angle whose cosine is 452801 ? 

Bj- tlio Table 452054 = cos 63" 4' 
Given cosine 452801 

Parts for the sees. 1S3 35" 

Hence the angle is 03° 4' 35". 

If given the cosine had been — 452801, then the supple- 
ment of the angle thus determined, namely 110° 55' 25", 
would have been the angle to which that cosine belongs. 



Table 1. 



NATURAL SINES AND TANGENTS TO EVERY QUARTER 
POINT OF THE COMPASS. 
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Table 3. 

LOGARITHMIC SIXES AND TANGENTS TO EVERY QUARTER 
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ME. WEALE'S 
PUBLICATIONS FOR 1861. 



RUDIMENTARY SERIES. 

In rtomy 12mo, elntu, price Is. 

O UDIMEiN'TAUY'.— 1.— CHEMISTRY, by Pro 

J-V fc^or FOWNF.S, r.i: S., including Agricultural Chemistry, 
for the Use nf Fanners. 



RUDIMENTARY.— 3.— GEOLOGY, by Major- 
Gen. POBTLOCK, F.R.S., Ac. 

^>UD 

J-V Mr. IIANi'S Ad,liti,,r,<. avf,ls.iiil. 

In demy linm, »it!i WhjJc^Is, drjtli, prica Is. 

p I" D I il E N T AEY. — 6. — MECHANICS, by 

CHARLES TOM I .INStlN. 

jTdci : ivl7nin.7~l"ll W.in^CiH-i. f!f)l:-., :):■:.- 1'i-Ui. 

•RUDIMENT AEY.— 7.— ELECTRICITY, by 

XV Sir WILLIAM SN'OW HA RRIS, K.Ii.S^ _ 

PTOIME^A^Y^7*?^Sn 0 ^KyAITISM ; 

" ANIMAL AND VOLTAIC ELF.CTRICITY ; by Sir IV. 
S.VOW HARRIS. 

in ili'.my ISnn. 11 iliiT-V.^ilrii 



In demy wit! 

UMENTAR 

iLEGRAPH, Hlstor; 
jn demy 12m<\ ivilli WVjiIcu's, clnih, price Is. 

RUDIMENT AEY. — 12. — PNEUMATICS, 
CHARLES TOMLINSON. 



In demy lanio, with W.mdcuts, doth, price la. 

■RUDIMENTARY. — IG. — ARCHITECTURE, 

Orders of, by TV. IT. LEEDS. 



In drmvUran, -c-itJl Wnorlcuts. I>'j.-,. 1m. fid """ 

"DUDIMENTARY. — 17. — ARCHITECTURE 

** Styles of, by T. BURY, Architect 

John Wesle, 69, High Holtwrn, London, W.C. 



R 



WEALE'S EUDIMENTABY SERIES. 



R 



amy 12oi_, with Woodcats, oloth, price 2b. 

UDIMENTARY. — 18, 19.— ARCHITECTURE, 

Principles of Deal go in by E. L. GARBETT, Arclilttct, 2 vols. 
In demy lSiim, nil 

UDIMKNTA HY.— 



In demy __mn, with Woodcuts, cloth, price Is. 

RUDIMENTARY.— 22.— BTnLDING, Art of. 



3, with Woodcuts, clutti. pH™ 2s. 

" "3, 24.— BRICK-MAE 

rl of, by E. DO__ON, C.G., 2 vols. 



Indrnny 12mo. with Woo. do'.h, price _«. 

RUDIMENTARY. — 25, 26. — MASONRY ANI> 
( ^ ST ONE-CUTTING, Art of, by E. DOBSON, C.E., 2 yols. 



R 1 



... , lemo, with Wo_it_, cloth, price 2s. 

UDIMENTARY.— 27, 26.— PAINTING, Art of, 

GRAMMAR OF COLOURING, by GEORGE FIELD, it 

EU D IM_NT AEy!— 29.— PRACTICE OF 
DRAINING DISTRICTS AND LANDS, Act of, by G. D. 

DEMI'SEY, C.E. 

Iiiiiiiniv limn, Willi W"KUvi(ri,'_!t.lii. |>)kf !s. ii-L 

EUD IMBNTAR Y. — 30. — PRACTICE OF 
DRAINING AND SEWAOK OP TOWNS AND BUILD- 
INGS, Ai t of, by 0 . D. DEMPSEY, C.E. 

T> UD I M EN T All Y U — 3 1! — WELL-SINKING 

-LV AND BORING, Art of, by G, R. BURN ELL. C.E. 

Inii.-mv l^n^'^it^'i^j^i-t^lolr^nHi^lI " 

RUDIMENTARY. ~ 321 — "USE OF INSTRU- 
MENTS, Art of the, by J, F. HEATHER, M. A. 

"constructing 



on the, by Dr. LARDNEI t. 

l,i cl.-ici v iSniii, s-iili w_;>dc;iH. I'.Iiilb, Drlce Is. 

RUDIMENTARY.— 35, — BLASTING ROCKS* 
AND QUARRYING, AND ON STONE, by Liout.Gen. Sir 
J EURGOYNE. Bart.. G.C.I). , it. E. 

RUDIM_l__ii>^^ 
ARY OP TERMS used by Architect-, Builders, CiTil and 
Hechanlul Engineers, Surveyors, 'Artiato, Bhlp-bullders, &c, 

In ilemy 12dm, cloth, price la. 

"P UDIMENTARY. — 40. — GLASS STAINING 

J-V Art of, by Dr. M. A. GES3ERT. 

John Weala, 69, High IIoHwrn, Loidon, W.C, 



Lli J I _ : - Got 



J^E. WE AXE'S RUDIMENTARY SERIES. 



PltOMDEliO. 

In !l«niv I'-Vi-, wrtl: V,'., -uc.iu. rl-.rli. pries Is. 

RUDIMENTARY.— 42.— COTTAGE EUILD- 

-« 1NG, Treatise on. 

f, l'>„|.>. -.Mil, VV:.,:k.H::. eMli. ■:■ U. 

"RUDIMENTARY. —43. — TUBULAR AND 

GIRDER BRIDGES, and others, Treatise on, more particu- 
larly ascribing llio Britannia and Conway Undoes. 

In .l.'inv ]->:iv.i. ivilii W.ietlriL'-:. pdrv 1-:, 

p UDIMENTARY.— 44.— FOUNDATIONS, &c, 

Tif E. DOBSON, C.E. 

In il«my lEinn, with TV.mdcnN, ninth, pric<" In. * 

R UDTMENTARY. — 45. — LIMES, CEMENTS, 

J-l MORTARS, CONCRETE, MASTICS, &c, liy G. R. EUR- 



1:i J.snv i'.'m.i. wi'.lj Wiv::!cll-.:;. i:bi:]], riricc 

"RUDIMENTARY. — 47, 48, 49.— CONSTRUC- 

-Lv TION AND ILLUMINATION OP LIGHTHOUSES, by 

ALAN STEVENSON. C.E.. 3 vols. In 1. 

In demy Urni, w17.il Wtioswit.-.. cMlli, price Is. 

RUDIMENTARY. — 50. — LAW OF CON- 
TRACTS FOR WORKS AND SERVICES, by DAVID 

GIBBONS. S.P. 

In detuy 12.U.I. uirh Win Ifiils, clolli, price 3m. 

RUDIMENTAR Y. — 51, 52, 53.— NA YAL 
ARCHITECTURE, Principles of the Science, by ,1. PUAK.L, 

N.A.,3T0la. ml. 

I" fl. my 12mn. with Woodcuts, rlnlh. price 3d. 

RUDIMENTARY AND ELEMENTARY.— 53*. 
—PRACTICAL CONSTRUCTION concisely stated of Ships 
forOtean or River SorriM, by Captain H. A. SOMMERFELDT, 

In r..v.! )'.. will. F.ns{r:iv..(l j'l.^tcf, c.',.iili. price 7s. C.l. 

RUDIMENTARY.— 5.3"— ATLAS of 15 Plates 

lv t 0 ditto, dra«n and engraved to a Belle for Practice.— For the 
convenience of the Op.i:Miv>: Ship i! r.kier the Atlas may he 
in three separate Parts. Furl I., as (id. Part II., 2a. 6d. Part 

III., as. fid, 

my l-Jrn". W.ii)ih-i:-,"i-Iii:'Ii, i»fiv 1 -i. <M. 

NTARY. — 54. — MASTING, MAST- 

^ MAKING, AND RIGGING OF SHIPS, by R. KIPPING, 
In doniy l!mo. with Wondcnts, cfotti, price 1«. 8d. 

■RUDIMENTARY.— 54*.— IRON SHIP BUILD- 

ING. liv JOHN GRANTHAM. N.A. and C.E. 

Rudtmentary" — m, 0 ' 1 ^!— 'navigation ; 
THE 3AILOR'S BfiA-BOOS<— How to Keep the Log and 
Work it Off-Laittnfle and Longitude— Great Circle Sailing.— Law 
of Storms and variable Winds; and an Explanation of TermK used, 
with coloured Illustrations ol Flags, 

John Weale, B3, High Holborn, London, W.C. 
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j^K. WEALE'S RUDIMENTARY SERIES, 
T) TTOIMENTAOT.^tT °&^WARmNG AND 

JA VENTILATION, by i: II A ul.V.s 'I 0 M ].! N.'sn N, i n-:-;. in !. 

i) udimentaryT— Ga— I STEAM jjoilers, by 

-l* 1 B. ARMSTRONG. C.E. 



13TJDTMENTAEY.— Ci2 f .— RAILWAY WORK- 

J-l> I KG IN GREAT M111TAIN, Slstistical Detaila, Table of 
Capital mid Divided,-, K.r.-i-u : A,--.-.uirs. s t -i,,K . v„i. l[. 

KUDIMENTARY^^^ee^^^RICULTU- 
RAL BUILDINGS, tin: CiiiiHii-.ieti.m of, tm Motivs rowers, 
and 11,0 Machinery , f II,.; SK-idiiig; and mi Agricultural l'u-U 
Enjrinos, Machim-, mil Inijilrmciics, bv G. II. ANDREWS, 
Tola in 1. -John WmV, 60. HU-h Holbaro, London. W.C. 



III ilomy limn, tlolh, prin- 1: 

TARY. — "" "■ 

or JOHN DONALDSON, f 



['DI M liNTARY. — GO.- — CLAY LANDS AND 



Li .1i ::lv L Jiv. i. v.-i-:li \Vn i;k i:ts, i:1--,th r pri™ 

RUDIMENTARY. — 67, GS. — CLOCK AND 

WATC1I-MA1CING. AM) ON i:]|i!IMI CLOCKS AM) 



extended. Fob 



In demyl2mn. wi 

1JUDIMENTAET.- 

■*-*> Treatise mi. by C. C. S 



In demy limp, cloth, price la. 

T>TJDIMENTAUY.-:i .-PIANOFORTE, In- 

- Lt ' atra cli.m l',.r I'lisying the, by C. C. SPENCER, Mua. Dr. 
In demy liniLP, with Steel En-ravings and Woodcuts, cloth, pric? 

EUD1MENTARY. — 72, 73, 74,75,75* — RECENT 
FOSSIL SHELLS A Mimii-l uffli,. J ii.. c a),bv SAMUEL 

P. IVOODffABD, of [he ISril. Mua, 1 vols, in 1. will, Supple™ sir . 
" " iirjemv w"ou^tseVtt77rirT. 2~ 

6, 77. — DESCRIP 

ATHEli, M.A. 2 rolB. in 



In demy linio, with Woodciih. , 

1) UDIMENTATiY. — 77* — ECONOMY 

l v FUEL, by T. S. PRIDE AUX. 



In doray linio, 2 vnis. In 1, with Woodcut-, cloth, price 2a. 

RUDIMENTARY.— 78, 70.— STEAM AS AP- 
flii:i) in (SKsmtAi, purposes. 
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j^JE. WEALE'S RUDIMENTARY SERIES. 



iUDIMENTARY.— 78*. — .LOCOMOTIVE KX- 



In demy limn, with Wooieuh 

T> UDIMENTAR Y. — 79**.— 

J-i' PHY, ihu C.i[np"si'«'n '»"! I'™!"* 
;i! r.-; hr nr. H. |[ ,M l.l'.ITi:. 

j^udimentaiiy!'— V 80, c,l 8i 

B vols. 



Id di>my 12m... wi:!i iv.r-.dcu;>; clulli, price 2a. 

•RUDIMENTARY. — 82, 82*. — POWER OF 

-L* WATER, A3 APPLIED TO UlilVE FLOUR MILLS, 
by JOSEPH GLYNN, F.U.S., C.K. 

In rli-sny Uino, c!(il!i, liri.'.H ]*. 

"DUDIMENTARY.-83.— BOOK-KEEPING, by 

-IV JAME3 HADDOHi M.A. 

In ticmj 12mo, with Woodonla, price 3e. 

■RUDIMENTARY. — 82", 83*, 83 (bis) COAL 

-« GAB, on [he MiDufacluro Hud Distribution of, by SAMUEL 
HUGHES, C.E. 

Ill dmiy I'JiH", Willi WnndtiiLS. elnlk nl'ics 3s. 

RUDIMENTARY. — 82***, — WATER WORKS 

Jl- FUlt T11K SL't'FI.V OF IJiriKS AMI TOWNS; Worki! 



In deniv 1 - J 1 1 1 ■ ■ . will! IV I:-...!-., ,:]..;■,, l.iiic U'.fi.l- 

RUDIMENTARY. — 83**.— CONSTRUCTION 
P^UDIMENTArV*^ OF 

Rudimentary!— 84— arithmetic, -with 
mimoroua Examples, by Prof, J. R. YOUNG. 



. . . . , Annuities, &e, by 

/. im-fi.I-'.V. 

John Weill!, 5!>, High Holborn, London, -,W.C. 
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W EALE'S RUDIMENTARY S, 



sill: 1V« 

-88, 89 

GEOMETRY, by HENRY LAW, C.G. 



RUDIMENTARY.— 88, 89. — ELEMENTS OF 



RUDIMENTARY*— 90°— GEOMETRY^ ANA- 

LYTIC AI., by l'rof. .TAMES II ANN. 

In demy IBaio, with W^inji-uss, cloth, priw-as. 

■RUDIMENTARY. —91, 92. — PLANE AND 

SPHERICAL TRlGOSOMKTRY.bythBHuine. 2vol*.lnl. 



Id demy 12m", with WomI(v.i!m. cloth, price In. 

RUDIMENTARY.— 93.— MENSURATION, by 
T. BAK til!, G.li. 

EUDIMENTARy! — 94, 0< 95. — LOG ARTTHMS, 
T.iSHs f-.r l3rilLt.vLn.T Astvr Miv.ical, N.iiiiini], Triir.-.n-iywtri- 
cul, an.l ].■■„' i.ilti.oi,' cac:il.ili,.i,.Jn- 11. LAW, CM. Nov Edition, 



In demy 12mn. with Woodciitn. oloth, prico Is. 

RUDIMENTARY.— 96.— POPULAR ASTRO- 

MO MY. By the Rev. ROBERT MAIN, MJl.A.S. 
In demy 12iii". with WcodcntF, cloth, price I*. 

■RUDIMENTARY.— 97.— STATICS AND DY- 

HAMICS. by T. BAKER, CS. 

In J.'mT I2», wi-ii a.' j W.iKicrtij, di.Ui, price iis. (id. 

RUDIMENTARY. — 98, 98\ — MECHANISM 

J-*- AND PRACTICAL CONSTRUCTION' OP MACHINKf. 



RUDIMENTARY.— 99, 100.— NAUTICAL AS- 

TRONOMY AND NAVIGATION, by Prof. YOUNG. 2 
In ilemv 12ino, cloth, price 1b. 6d. 

RUDIMENTARY. — 100*. — NAVIGATION 

^ TABLES, compiled for pruclicjil lino wit h the above. 
In drmy 12mo, cloth, priee la. 

RUDIMENTARY. — 101. — DIFFERENTIAL 

CALCCLUa, by Mr. WOOLTIOUSE, F.R.A.S. 



1 



\|E. W BALE'S RUDIMENTARY SERIES. 



In demy 12mo, in cloth, prico la. 

pUDIMENTARY. — 102. — INTEGRAL CAL- 
rui.irR.ijy n. I'ox, \x.\. 



RUDIMENTARY. - 



- DIFFERENTIAL 



J-*" ME 



Urn ■. with VTcv^uts, cloth, prir-,- 1 i.Cd. 

IMENTARY. — 105. — ALGEBRA, GEO- 



METRY, AND TRIOONO HETRY, Mnemonics! I 
bytheR-v.T. |'i-:nvni;ti).s kinsman, M.A. 



tPS' A 

KVICES. by Mr. GEORGE OOTB ELL, N.A. 



RUDIMENTARY.— 106 — SHIPS' ANCHORS 



NAGE5IENT ACTS. AlltbeAetn. 
In demy 12mo, cloth, price ln.6d. 

T1TJDIMENTA.RY, — 109. — LIMITED LIA- 

±* BH.1TY AND PARTNERSHIP ACT3. 

li: Jin/; I'm:,, cl. Hi, in lei.- Js. 

■RUDIMENTARY.— 110.— SIX RECENT LE- 

J-V GISLATiYK l-.VACTJIENTS, f.,r I'out: Murs, -M-.T..ili,iiit-, 
In dcriiv 12mrc, prim Is. 

■pUDIMENTARY — 111.— NUISANCES RE- 

J-V MOVAl, AND DISEASE PliEVKNTION ACT. 

In di'mv 12i[io, clntii, jil-itu Js.fid. 

pUDIMENTARY.— 112. — DOMESTIC MEDI- 

CIN E, PIll'.sl'KVlMl iU'.ALTH, by M. RAM'All,. 
my 12mo, cloth, prico Is. 6d. 

~"Y. — 113. — USE O 

SERVICE, by Lieut. -Col. HAMILTON 
!■: de-,v ;■>,„■:. ivitii W (■■;.. t- i: m . ci price Is Pd. 

PUDIMENTARY. — 114. — ON MACHINERY; 

tfc RudlmrntiLry mu! Elementary Principles of tlie Construction 
and o n the Working o f Machinery, by C. H. ABEL, C.F.. 

In rnTJil 4to, clnth, price 7s. M. 

PUDIMENTARY.— 115. — ATLAS OF PLATES 

J-t OF SEVERAL KINDS OF MACHINES, 17 very nluibla 



JflB, WEALE'S RUDIMENTARY SERIES. 

In deiriT ISmn. wirii Wo- .'cms. chili, yike 1?. Bd. 

"RUDIMENTARY. — 116. — TREATISE ON 

J 



I, by T. ROGER 



ITHOUT THE 



In demv 12mr 

UDIMENI 

ENGINEERING OF SOUTH AMERICA, by D. STEVES- 



FBISL 



I'lllii'S, 

. — T 

RIVERS AND TORRENTS, from 1 



■RUDIMENTARY. — 121. — TREATISE ON 

J\ y 



tn nnrnT 1-niLi. nv I'AIIV, J;KtrI. ill clnlli, isritv Is. 

RUDIMENTARY.— 122.— ON RIVERS THAT 
CARRY SAND AND HUD, snd an ESSAY ON NAVI- 
GABLE CANALS l'JL nnd l'JJ l;..ini tc.-.iSiifr, "i, U " 



it: [i,-nv l-Jmo, *v-t1i V.'-"ileitn. (I'i'Il. yrk'f; IP. 15.1. 

T> UDIMENTARY. — 124. — ON ROOFS FOR 

■IV PUBLIC AND PRIVATE BUILDINGS, founded on Dn 
Robison'B Work. 



It Woodcuts, doth, p 



In <I«nv lii'iin. rhih. l;3 and IM !"-p(K-r r urirc 3s. 

RU DIMENTARY. — 12(3. — I LLUST RATIONS 
I" WILLIAMS COMnirSTKIN OF COAL. 125 and 126, 
2 vols bound In 1. 

In dprnv 12mn, will. Wo ,ilni;s, tlnlli, price li. Gd. 

pimiMJCNTARY. — 127. — PRACTICAL IN- 
,lj STLiutniriss ix the art oi-' A]:c:uTix/n;i:\' 

MODELLING. 

John Weils, E9, High IIoIbDm, London, W.C . 
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jy[R. WEALE'S RUDIMENTARY SERIES. 



In demy Umo, Willi Engravings and Woodcnta. 

RUDIMENTARY.— 128. — THE TEN BOOKS 

J-V OF m. V1THUVILS ON CIVIL, MILITARY, AND 
NAVAL ARCHITECTURE, :l'jus;ml1 by JoiEi'H GWILT, 
Arch. 2 vols, iu 1. 



In domv I2mo, ]!S and t y rll.ur, cluth, nriw Ss. 

RUDIMENTARY. — 129.- ILLUSTRATIVE 

-i-^ PLATES TO VITKl.'VIUi'S TEN BOOKS, bv the Author 
and JOSEPH QANDY.B.A. 



In demy 12mo. cloth, price Is. 

■RUDIMENTARY.— i:iti. — IXyUIRY INTO 

THE PRIXCIFLEii OF IILaUTV IN GRRCIAN ARCHI- 
TECTURE, by the Riyht iloii. the Hurl at ABERDEEN, &c. *c. 



In demy I2mo, cloth, price la. 

RUDIMENTARY. — 131. — THE MILLER'S, 
MERCHANTS, AM] I'Al'.MfllLS READY RECKONER; 
for«BC8rluinin(; at Ms;li1 llu; V;il;i,i rn' miy . ; 1 j . i - i t L L v- "I' Coin : coj'o 
tV'r wi:h ■:[■■ npni^.ii'.nt" v., In,' c[ 'JiiiMHn im.l'U ill .i\.rfc. 



In demy I3m<v with Woodcnta, cloth, price 2a. 6d. 

RUDIMENTARY. — 132, — TREATISE ON THE 
ERECTION 01- DWELLING HOUSES, WITH SPECI- 
FIC atiok s, i; i; a n iTi'ii;- of Tin: various materials, 

tc, bv 6. 11. ClluUli Architect. Si l'Hti-5. 



RUDIMENTARV SKRIIiS.— ON M IN US. 

-Li SMELTING WORKS, AND THE MANUFACTURE OF 
METALS, hi follow*. 



In demy 12mo, with Woodcuts, clotli, price 

RUDIMENTARY. — Vol. 1. — TREATISE ON 

TV THE METALLURGY OF COFFER, by K. H, L AMBQKN. 



RUDIMENTARY 0 — Vol! TREATISE ON 
THE METALLURGY OF SILVER AND LEAD. 

In ilemy 12roo, to have Woodcuts, clolh. 

RUDIMENTARY AND ELEMENTARY.— 

IV v d |, 3i TREATISE ON IRON METALLURGY up to the 
Manufacture of the latest processes. 



RUDIMENTARY™' AND W ELEMENTARY. — 
Vol.4.— TREATISE ON GOLD MINING AND ASSAY- 
ING PLATINUM, IRIDIUM, &c. _____ 



In iI.tiiv 1'Jtnc. to li.ivo Wui-ilaut!!, ti.'lll. 

RUDIMENTARY AND ELEMENTARY.— 

Vol. 5,— Til EAT IS E ON Till! MINING OF ZINC, TIN, 
NICKEL, C PU ALT , eic. 

In demy 12mo, to hare Woodcuts, Cloth. 

RUDIMENTARY AND ELEMENTAEY. — 

Vol. 6.— TREATISE ON COAL MINING (Geology and 
Means o! Discovering, 



In demr 12mo. with Wondcuta, cloth, price Is. M. 

R UDIMENTARY. — Vol. 7. — ELECT RO-ME- 

« TALLURGY. — Practically treated by ALEXANDER 
WATT, F.R.9.A. 

John Wnale, SB, High Holborn, London, W.C. 



Digitized by Google 
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>^BW SERIES OF EDUCATIONAL WORKS. 

ONSTrrUTIONAL W HISTaRY Prl OF' ENG- 
LAND.— 1,2, 3,4,-ByW, D.HAMILTON, of the SUM P. O. 



Ind.mv I-'mi.i. win, M,,;, , .fll.lv .uid W.iu.h-ut-:, i r lii" I,. prw :>f. G.1 

OUTLINE OF THE HISTORY OF ROME.— 



^UTLLNES OF THE HISTORY OF GREECE. 

In demy 12mo, cloth, price 2a. fld. 

CHRONOLOGY OF CIVIL AND ECCLESI- 

V A8TIOAL HISTORY, LlTEItATUKE, ART, AND CJVI- 
LISATION, from [in; c :l Llir'ii* ]«!ri.>:L tn (ho present.— 9, 10.— 2 vols. 



ran, clnth, price If 

3 ENGLISH 



In demy 12mn, doth, price Is 



DICTIONARY OF THE ENGLISH LAN- 
C U AG E. — 12, 13.— A New Dictionary oflhe English Ti.njrne 
as spoken and writt.-:;, :>.':.■ -v.< '.ivi,(in:i inu-Js, ur ;V),0 !!) in. ire than In 
nny existing work, by HYDE CLARKE, D.C.L., 3 Toll, in 1. 



v 12nie, clitb, price 

""IE GBEEE 

I.C. HAMILTON, 



Q.BAMMAB OF THE GREEK LANGUAGE. 



GRAMMAR OF THE LATIN LANGUAGE. 
—19.— By the Rev. T. GOODWIN, A.B. 

in (ii'm T limn, cloth, ['rice in. 

TV 

LiaU LANGUAGES— 20, 21 



TilCTIONARY OF ' THE ENGLISH AND 

■U LATIN LANGUAGES.— 22, 23.— By the Key. T. GOOD- 
WIN , A.B. Vol. II. 

In demy 12mt>, cloth, price Is. „ 

QEAMMAR OF THE FRENCH LANGUAGE. 

John We*le, 53, High ilolbotn, London, W.C. 



11 



jyjR. "WE ALE'S EDUCATIONAL SERIES- 

In demy 12mo, clntb, price la. 

DICTIONARY OF THE FRENCH AND 
ENGLISH LANGUAGES.— 25. — By A. ELWEB. Vol.1. 



In demy 12mo, cloth, price Is. Gd. 

"* THE F"" 1 



Tri rfelr.v 15r.ni. (-'.>t!i. jirici' K 

GRAMMAR OF THE ITALIAN LANGUAGE 

-27.- By A. ELWEB. 



In demy lSmn, cloth, price 

_. ..SO 
ELWES. Vol. I. 

In demy 12mo, cloth, price 2b. 

DICTIONARY OF THE ENGLISH, ITALIAN, 
^ ^ ^AND FRENCH LANGUAGES— 30, Sl.-By A. ELWES. 

In demy lSmo, cloth, price 29. 

TUCTIONARY OF THE FRENCH, ITALIAN, 

AND ENGLISH LANGUAGES. -82, BB.-By A. ELWES. 



In demy ISmo, ninth, price 2s.- 

DICTIONARY OF THE ITALIAN, ENG- 

J- 7 LtSH, AND FRENCU L A.N GU AGES. -28, 20.— By A. 



Vol. III. 



Ill ilumy V.'.v;.., olotfi. yricr If. 

n RAMMAIl OF THE SPANISH LANGUAGE. 

\J —34.— By A. ELWES. 

In demy 12mo, cloth, price -4a. 

DICTIONARY OF THE SPANISH AND 

-L* ENGLISH LAMGD A61EB— S6. B8, ST, 88.— By A. ELWES. 
1 Tola. la 1. 

QKAMMAR OF 7hE GERMAn'laNGUAGE. 



In demy l2mo, cloth, price 3s. 

DICTIONARIES OF THE ENGLISH, GER- 
MAN, AND FRENCH LANGUAGES. — 41, 49, 43.-By N. 
E. HAMILTON, 3 vols., aaparalely. Is. each. 

In demv 12m n. clnth. price 7f. 

DICTIONARY OF THE HEBREW AND 

-1' ENGLISH LANGUAGES.— 44,45. — Containing the Bitilicnl 
■ ■ " 'a. (together with ihe f 

a.), by Dr. BREF JT * 

In demy lSmo, cloth, price 3s. 

DICTIONARY OF THE ENGLISH AND 

U HEBREW LANGUAGF3.-49.-Vol. Ill, to complete. 
In demy ISmo, cloth, price la. 

Jj-RENCH AND ENGLISH PHRASE BOOK. 

John Waale, 59, High Holbein, London, W.C. 
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E, WEALE'S CLASSICAL SERIES; 

S»i in rniirsi! nf I'ubl'.^ni.ir:, in Jsn.y 1>:m, !>ri;;e Is pi'l Volume 
(except ill sonio iii:*f\:iros, mid tiniHB :iri? li. tid. or 'Jh. eiich), very 
neatly printed on good paper. Those, priced are published. 

GREEK AND LATIN CLASSICS. — A Series of 
Volumes c.im.iKiitv t'-ic pviv.c.iiul Croak, and Latin Anthers, 
ac-ii i. ;ps ii ;■■>! by ]' :■;:>[>■.[! n :■>!>■ N ^ in ll^i y 1 . prii^lj-nlly unite! i <i 
from tlio beat and mnst recent German Oommaiitators, in.d c-ir:-.- 
priBing all IhOsu IVorii Unit are i:i:^r;:i;il lor li.a ricllolil and the 
Pupil, and *p|.liciiljli' ['m 1 il l: l.'iiU-ei'.-iti.ir, of Or^o-d, UimbriiiKf, 



fur the Library, as follows: 

LATIN SERIES. 

NEW LATIN DELECTUS. 6 — ' 1. — Extracts 



p.ESARS COMMENTARIES ON THE GAL- 

yj LIC WAIL— 2.— With Grammatical and Explanatory Holes 
in English, and a Geographical Index. 

pORNELlUS NEPOS?— 3!^ With English Notes, 

In uemy t'Jmo, boards, price is. 

Y IEGIL. — 4. — The Ueorgics, Bucolics, with English 

In demy 12mo, boards, price 2i. 

TTIEGIL'S jENEID.— 5.~(Ou the same plan as 

• the- preceding). 

( In demy 12tno, boards, price 1*. 

HOKACE— 6.— Odea and Erodes ; with English 
Notes, and Analysis and Explanation of the Metres. 
In demy l-nio, boards, prico is. (id. 

HORACE.— 7.— Satires and Epistles, with English 
_ Notes, Sc. 

Jo demy li'mo, boards, price Is. 6d. 

QALLUST.— P.— Conspiracy of Catiline, Jugur- 

*J tlrtne War, with Eng lish Kotea. 

In demy lZmo, boards, price Is. 6d. 

'.. — 9.— Andrea and H eau ton tim or unio- 
ns, with E;mlisU Notes. 



TERENCE.— 10.— Phormio, Adirtplii, nnd Ucoyr:.. 

JL with English Notes. 



raCEBO.— 12.— First and Second Philippics ; Ora- 

V* tloi... for Mik>. io: .Mar-.-i'lUia, Sc. 

John Weals, 69, High Holborn London, W.C. 



^R. WE ALE'S CLASSICAL SEBIES. 
QICERO-— 13.— DeOfflciia 2 '" 0, 

In demy 12mo, hoard*, price 2a. 

plCERO.— 14.— De Amicitifc de Seneehite, and 

, Bruins, with English Notes. 

JUVENAL AND I PEHSIUS.~-15.-(The incieli- 

cn'e parts expunged.) 
In demy lSmo, boards, price 3s. 

LIVY. — 16. — Books i. to v. in two vols., with 
Eugliah Note*. 

In demy t2mo, boards, price Is. 

J^IYY.— 17.— Books xxi. and xxii., with English 

In demy 12mo. 

'TACITUS. — 18. — Agrieola ; Germania; and An- 

J- r.als, Hook f. 

In il«:iiv lim >, bi'Hi-d-i, liri/c Ss. 

C ELECTIONS FKOIVl TIBOLIXH, OVID, an 1 

>J PRO PEltTlU 3.-19.- Willi Eng lish N..ttf, 

In demy 12mo. 

O ELECTIONS FROM SUETONIUS and the 

<J later Latin Wilten.-30. 

GREEK SERIES, ON A SIMILAR PLAN TO THE LATIN 
SEltlES. 
Those nol priced are In the Press. 

Ill deilli- limn, h.,£lr iTh, m'ii'B li. 

[NTBODUCTOKY GREEK EEADEB. — 1. — 

-L On the same plan DS the Latin Reader. 

In demy 12nto, boards, price la. 

"VENOPHON. — % — Anabasis, i. ii. uL with 

-V _ l-:..glis!l Nr.t,-. 

In demy 12mo, boards, price Is. 

XENOPHON. — 3. — Anabasis, iv. v. vi. vii., with 
Eng lish X oles. 

Ill demy l'2nio, boards, price Is. 

£UCIAN. — 4.— Select Dialogues, with English 

In demr lUrao, Ooirda, price Is. 8ri. 

JJOHER— 5.— Iliad, i. to vi, with English Notes. 



H° 



H° 

John Weale, 69, High Uolbirn, London, W.C. 



WEALE'S CLASSICAL SERIES. 
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In dutny 12iuo, board*, prica Is. 6d. 

gOHER,— 10,— -Odyssey, vii. to xii., with English 

In demy 12ioo, boards, prlea la. 6d. 

^OMER,— 11.— Odyssey, xiii. to xviii.with Englisli 

In dsrny 12mo, boards, prloo la. 6d. 

HOMER, — 12. — Odyssev, xix. to xxiv. ; and 
Hi urns, » itli English X.rtcs. 

J>L ATO. — 13° — ^polog^ Ci'i to^od Phsedo, -with 

In dumv 12mo. boards, pries Is. 6d. 

ii., with Km-lislL Notes. — 

:he lluke of Devonshire. 
In demy 12m.,, buarils, price Is, (id. 

TJERODOTUS.— 15.— iii. iv., with Englisli Notes. 

i-J- Di'ilicnt.-d to ITi-. r.m .'i; Hip n uke nr Pnyomliire. 

I a demy 12mo. 

JJERODOTUS.— 16.— v.^vi. and part ofmi. 



In [itrav il'ii:o, 1 1 :> si nl.-J , ]ni™ la. 

QOPHOCLES. — 18.— CEdipns Rex, with English 

^ Nolua. 

In demy 12 mo. 

gOPHOCLES.— 19.— CEdipus Colouajus. 

la demy 12mo. 

gOPHOCLES.— 20.— Antigone. 

In dBmy 12mo. 

gOPHOCLES.— 2 1 .— Ajax. 
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iPHOCLES.— 22.— Philoctutes, 



In 1 1 1 ■ 1 1 1 >- limn, b uinii, prtrv 1j. U.i. 

j^URIPIDES.— 23.— Hecuba, with English Notes. 



In 6"emy l2mo. 
J£ URIPIDES.— 24.— Nedea. 



gTTRIPIDES.— 36.— Hippolytofl. 

John Woale, 59, High U -.Iborn, London, W.C. 



JUE, WEALE'S CLASSICAL SERIES. 
^UBIPIDEs!— 2&— AIcmUs; wTth Engliali Notes. 

E u: 



RIPIDES.— 27.— Oreste 



J^TTRIPIDES.— 28.— Extracts from the remaining 
COPHOCLES.— 29.— Extracts' from the remaining 

^£ FlnyB. 

III demy 12m o. 

J^SCHYLUS.— 30.— Prometheus Vinctus. 
^SCHYLUS.— 31.— Persre. 
^SCHYLTJS.— 3a!— Septem'contra Thebas. 
SCHYLTJS. — 33.—- ChoSphane, 

In demy l2mo. 

^SCHYLTJS.— 34.— Enmenides, 

In demy 12mo. 

SCHYLTJS. — 35. — Agamemnon. 

~ In lie my liituo. 

SCHYLUS.— 36.— Supplices. 

In domy 12mo. 

pLUTARCH.— 37.— Select Lives. 

In drray 12mo, 

j^RTSTOPHANES. — 38. — Clonda. 
j^RISTOPH A NEs!— 39.— Frogs. 



In flpniy I2mo, boards, pni-e Is. 

^HUCYDIDES. — 41. — I., -with English Notes. 

In demv 

^pHUCYDIDES.— 42.— IL 

John Weale, SO, TliRh Itolborn, London, W.C. 



J,jE. WEALE'S CLASSICAL SEEIES. 



In demy lima, 

THEOCBITUS.— 43.— Select Idyls. 

Iu demy 12mo. 

piNDAB.^14. 

Iu d=i»y l2mo. 

gOCEATES.— 45. 



H E 



In 1 large A tins, folio Volume, with fine Plates, price £4 ti. 

t e T5MTISH GOVERNMENT WORK." —THE 

-U ARCHITECTURAL ANTIQUITIES AND RESTO- 
RATION OF ST. STEPHEN'S CHAPEL, WESTMINSTER 
(late (he Housa of Commona). 

Fine Platea and Vignettes, Allni folio, price £3 10a. 

(( \ORWEGIAN GOVERNMENT WORK." 

J.1 — THE CATHEDRAL OP THBONDHBIH, IN 
NORWAY. Teit by Professor MUNCH; drawinga by II. E. 
SCHIRMER, Architect. 



i by beautifully executed 



MONUMENTS ARiHITFXTONIQUES DE I.'ES- 
PAGSE, PUBLIIW AUS FliAIS Dli, LA N.\TIO!J— Pabt I 
Frovmcla de Toledo, Granada, Alexia do Henaraa.— Pabt 2. Cate- 
dral Toledo, Detain a a.— Part 3, Granada, Segovia, Toledo, Sala- 
manca.— Part 4, Santa Maria de Alcala du Henarea, Casa Lonia da 
Valencia, Toledo, Segovia, fee— This work surpasses In beaut; oil 
other works. 



H r folio platea, with teit also uniform, with gold borders, 
snn sumptuously bound in red i:ior..rto, j;ilt; ltHI r l.iivrs,£12 12s., 
ColambUr folio plates, with text nlso untf.irm. with gold borders, 
and elegantly half-bound in morocco, gill, £10 10*.; Pistes In 
C ,!■.„:, I, i,r f..li«. ilihI (fill in Iniii-mUt... l,»lf-!.<„i!.d in niw.i- >, 
gilt. £7 7a. ; Platea in Colniubier folio, and text in imperial 4to, 
in :.l >r:i r/xtfil. bonrOs mill leltcri'd, £1 Hi, (!;[. 

THE VICTORIA BRIDGE, AT MONTREAL, 

J- IN CANADA. — Elaborately illustrated by views, plans, 
elevations. u nd details of tlmTSr;. ];:■■: together, ilh th- Illustrations 
of the Machinery and Contrivances used in the construction of thia 
stupendously important and valuable cneinerrinKwork. The whole 
produced In the tlneat style of art, pictorial]; and ^mii-i i i, ,i:v 
drawn, and tha viewa lilghly coloured, and a dfsc-ipttve text. 
Dedicated to His Royal Hlghneaa the Prince of Wales. 11; J AMES 
IlitUCKS, Enuiiiecv tn the Cnntvr.ciorn. En-mmr* : itOlSKRT 
PTEl'lil-.NSON and ALEX. M. Kfl33. Cn.ilr.rnrs; Si|- 3. 
MORTON PETO, Bart, M.P., THOMAS BRAS3EV, and ED- 
Yf ARD LADD BETTS, EsqrH. 

John Weale, 59, High Holborn, London, W.C. 



COStlj I li'fLiI .11.'. , made I v : mo I 11! ill. !i. d 

very neat, price £.'> 5J. On:y l.iO i< pii'- printed lor :,;il<\ 

PROFESSOR COCKERELL'S WOEK.- 

-T THE TEMPI,! ;! OF J Ul'lTKIt l'A MiELI.ENIUS AT 
/13GIHA, AMI Of AI""'I.Mi i;pll.;l'ILlL'.-i AT RA^.F.. XF.AK 
P11UIAI.H \, I S ,U:CADIA. 



tsambaed' 1 'kingdon* "brtoel, 110 f'e. S., 

-L Civil Engineer. — The genhm, Went, rod great enterprise 
of the late Mr. 1! n:i,] !uh n iyr ; il:T.iii,i,. f .I,,,., hid >vl"le lir.- ivaa 

copying others, t.nr in !o.vn'.inii. In I'.udLiijr 1 -.it noi- roads to (he 
onward advancement t,t h\u Art. >]:<■ U(tur- v\> fioni the slow and 
beating pith ol ErrjjlueL-i ins Art, nan- ideal and realities, and »blch 
li:H i..]- haw jr-vfti (.j Tin:;!;.'!.! 1 r.iirno nil- r [-fertile-; and of rcuownr-d 



q'.nn-.i'iC:;, a- 



loring urCr..iii.H. Ni.i-.i'-;, wr;. ; :>. I Jji-Lrm I'.ir li-'.', arid SI iLirilKHs 
3. The Five Driers laid down to a scale : 4. Modern Method of 
Trussing Girders, .rnints cf< uroonrcr.-i' woih ; o. Jie.ignsfor Modern 
Sir-|i fr. m t-; 'in-ir diMil-i; J. M-.iianw Mr H- darn Doors w uh 
th.;Lr ih-t.v.h: : :).:,;ii;rt-i lor Moil-rn Wi[i.:<.-.v;, n irli their details, 
ami u.v Villa ,'.ITl.i:>t!n:-i!. The v/hida ■■imyW kHn ih. il. for tin- 
use of the Oper.ri O.rwntr.;- and ItaiLi-r. ri-sttr M-:-irt£?n find 
published hv WILLI AN: l'A IN. SeruDlv, -..ii.h Mtdirri I)L-sijTiH, 
and Improvements, by s. 11. UlidOKS, Architect. 

In 18BI nill tie published a volume hi 12mo, entitled 

A DIGEST OF PlUcEiS of Works in Civil Engi- 
liL-i-i i!V ail.i llii!™- Kri^inrcTir-K. Mcidiailiea! E:-f;i:ii ! crii'ijt, 
Tools, Wroiislu and C:i.,r I'm \v,,rks. S:r.:i>-, Timber and Wire 
Works, snd piwy ki:M ..f in:'- ■■rui m imi that tun ha obtained and 
made useful in Estimating, Specifying, aud lieportlng. 

In 4to. 2s, Gd. 

AIRY, ASTRONOMER ROYAL, FAS., Ac— 

Results of E s peri 111 ants on tlia Dlsturbo-Uca of the Compass 
in Iron-h-:il Ships. 



at 10 the Kcformntioi 
. Imperial 4to, with 20 fine Plates, neatly half-bound In 

ANCIENT DOMESTIC 1 ARCHITECTURE.— 



-A Wherein are figured the liuir.ts "f tin: !-:n:.-lish calendar, with 
their approp lis to emblems; the different styles, of stained glass; 
and vai ioii.i ^soivd .;-mb«ls and omirpentH used in chin e lies. 
John WoBle, B9, High Holbirn, London, W.C. 
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TURK, ENUINLi-.KINI 



■d Atmospheric Railwi 

e of which s 



ARCHITECTURAL PAPERS. 



2 E ti era vi rigs, [n folio, useful to loiirnprs and for schools, 2s. 6d. 

ARCHITECTURAL ORDERS (FIVE) AND 

il THKIlt K.ST.M;LAT1:1!1:S, drawn lu .1 larger ifiln, willi 

iLLET, M. — Report on his Atmosplieric 



ATMOSPHERIC RAILWAYS. — THREE RE- 

■il PORTS on improved methods of Constructing and Working 



"BARLOW, P. W. —Observations on the Niagara 

1 ' Railway Suspension lirldge. 

BARRY^' 'SIR* 1 c'lf ARL ES, "'rA^'&c!' — 
Studies of Modern English Arelilieciu.e. By W. II. LEEDS; 



In 1 Vol., Inrgo 8vo, will! coloured Plato", lialf- morocco, price £1 la. 

BEWICK'S (J. G.) GEOLOGICAL TREATISE 

J-> ON THE DISTRICT OF CLEVELAND IN NORTH 
YORKSHIRE, its Farraginous: Deposits, Liaa and Oolites; with 
some Observations en Ironstone Mining. 

In 8vo, willi Plales. Price is. 

T) INNS, W. S. — Work on Geometrical Drawing, 

embracing Practical Geometry, including the use of Drawing 



In iio, with 105 Illustrative P 



InSio, Woodouts, la. 

B LASH FIELD, J. M., M. R, lust, &c— 
ACCOUNT OF THE 1IISTOKV AM) MANUFACTURE 
OF ANCIENT AND MODERN TERRA COTTA. 

In ito, 2s. 6M. 

BODMER, R., C.E.— On the Propulsion of Vessels 
by the Screw. 



Digitized by Google 



MB. WE ALE'S WORKS ON ARCHITEC- 

i'l TUItE, ENGINEERING, FINE ARTS, &c. 



The work of I ho KENNIES. 

In royal 8™, with very elaborate Plates (folded), £1 10s. 

T) RIDGES, SUSPENSION". — An Account, 

wirh Illiislrntir-ivi, el" rim S'uprnsion HildjJ^ acro-s tin- Rlvot 
Danube, by Win. T. CLARK. F.R.8. 
In 4 vols., royal 8vo, bound in 3 vols., half-inoiocr.o, price. £1 10J. 

BRIDGES. — THE THEORY, PRACTICE, 
AND ARCHITECTURE OF BRIDU Jib OF STOM:, I1ION, 
TIMISl-JEt, AM) 1V111E; wi 111 t:.\!i:!i r l,'s on t'io Principle ul Sus- 
pension ; Illustrated by 138 Engravings and 92 Woodcuts. 



BRIDGES. — SUPPLEMENT To" 3 " THE 
THEORY. PRACTICE, AND A lt(.: i [ n T.1.TU KE UF 
BRIDGES OF STONE, IRON, TIMBER, WIRE, AND SUS- 

1 large fulio Engraving, price 7s. 6il. 

"D RIDGE across tlie Thames.— SOUTH W ARK 

IRON BRIDGE. 

1 large folio Engraving, price On. 
ICTOS8 t" 
STONE BRIDGE. 

RIDGE acroa 

IRON BRIDGE. 

1 very large Engraving, price 4s. 6d. 

BRIDGE across the Thames.— HAMMERSMITH 
SUSPENSION BRIDGE. 

1 large Engraving, price 1s. Grl. 

BRIDGE (the UPPER SCHUYLKILL) at 

■JL* PHILADELPHIA, the greatest known spin of one arch, 
l l:iri;i! Eimr.ivini.'. piii'.i 1-s. 

BRIDGE (the SCHUYLKILL) at PHILA- 
DELPHIA, covered. 

1 large Engravintt, price 3s. 6d. 

15 RIDGE. — ON THE PRINCIPLE OF SU£- 

JJ PENSION, by BIr I. BRUNEL, In the ISLAND OF 
BOUR BON. ' 

"D RIDGE. — P LAN ™ an d " ELEV ATI ON of the 

J-* PATENT 1 110 N BAR BRIDGE over the River Tweed, neat 

Berwle*. 

Df Plutrs. (t.lio,£l Is., bonnlH. 

"BRIGDEN, R, — Interior Decorations, Details, 

>-> and Views of Sefton Church, Lancashire, erected Id the reign 



BEITTON'S (John) VIEWS of the "WEST 
FRONTS of 14 r:<f:i.I:=Tl C ATHEDRALS. 
I I-:.,;;:-.*.-!,-:,, ;,.■!<■. I'lH 

BTUT'J.'ON'ri (John) rKT^Tl-CTlVK VIEWH of 
tha INTERIOR of 14 CATtl EDRALS. 



•RPuODIE, R, C.E. — Rules ' for Banging Eail- 

-L) way Curves, wilh rlie Theodore, nnil wlllimii Tables. 

1 large Engraving, r rieo la. 6d. ~ 

JJROWN'S (Capt. 8.) CHAIN" PIER at Brighton, 



KOBHtF 1!L( 

I v THOMAS TKF.iKim,!), C.!]. ; = ■- . i . 1 !T--r:lil...!, v.i'b :!,;■ 
provemeiiis of Hie pr.si-ii: :u:o, liv i;] 7 i1IK; E IiENSJIE, F.R.S., 
U.K., &c, Af. Tin: s-Ik.U ion:iiii- To i'E.itori, rind l.ni Wmid-ut:;. 
' .1 )!:n V,',-, ■!,-., 1 1 ,.'.i ; .-,;:i, ]..- r.H-Mi, V.-.C. 



- N TOOLS AND 

MACHINES; a 3:L[;ii!..-!:n>ntafv Vduran to 1!;-. RONNIE'S 
edirirnof fincilASA.N "On Mili : i k nnd (Ithcr Machinery," 
by TREDCJOLD. Tlie work cr.iisi;;i.i o: IS I'laUs. 

" IllSvn. .villi i'lul.-s. ^"l MLili..!!, I- fid. 

JJUEN, a, C.E.— On Tram and Horse Riilwaya. 

In one volume, 4to, Jl I'ialos, Luli-Unuid in morocco, £1 la. 

BURY, T., Architect. ~ Examples of Ancient 
Eccl-slnstlcal Woadivoi-k. 

7*. 6 J. 

CALCULATOR (THE) : Or, TIMBER MER 

\J CHANT'S AND BUILD Kil'S liUlDE. By WILLIAM 
lilCHAi:n-(iN ;..tvI (.HAULER i.AXi:. of Wisboncb. 



In 8vo, Woodenhi, la 8d. 

pALVEB, E.K.. E.N.-ON THE CONSTRUC- 

\J TION AMI I'KlNCIPl.i: UF A WAVE SCREEN, 
■ i. ■!! ■: I'.iv '!. !■ nil I Inrl.i n ■■, : j ]M 

U: ■('.>, haTf-l.-iiiml. ]ivi™£] 5s. 

fARTER, OWEN B, Architect. — A SERIES 

V/ OF THE ANCIENT VA1NTED CLASS OF WINCHES- 
TElt C ATHKDIiAL, Kiamplo-; of. 23 Coloured Illiutralioaa. 
Til Ho. 17 Plut-y, li;l!f-)ionrid, 7s. Cd. 

pABTElt, OWEN I Architect. — ACCOUNT 
V of tii e riiuacH or st. jdiin the baftist, 



M R 



In 4tn. with. ID Engravings, £1 1b. 

CHATEAUNEUF, A. de, Architect.— Ai-cliitec- 
nHIPPENBALE, h INIG0 0 J0NE8, £ JOHNSON, 

[,0CK, >t.<1 FF.THF.R.— OK Hiiil French Orna. 

manta : enm|jriBlng 244 designs on 106 Plates of elaborate i-v.yui-J:-.:; 
of ISml tilaa^s. 1'ictiire I'Tiii.ici, Chin:ii,'y.vWi^, st:mi.-> 
lerChiim, c:<™-l< j-.il.I Watch Caius, tiirjuid.-les. DnicSt ■.■!!-:, (Jrnca. 
Lanterns, Ornamental Furniture, Ornaments For bra.« it..;'ir-i. ii J 
silver workers, real urnamsntal Iron work Patterns, and for atrvars, 

410, third 11:L L iviili :ulJiii,.in, price £1 11a. 6d. 

pLEGG, SAM., C.E.— A PRACTICAL TREA- 

V» TISE ON THE MANITFACTUKB AND lllaTHIiJU- 
BL'TIOS OF COAL OAS, Illustrated by Engravings from Work- 



pLEGG, SAM., C.E.— ARCHITECTURE OF 

MACHINERY. An Essay on Fropiicly of Form and Pro- 
portion. For tlie use of Students and Schoolmasters. 

In 8vo, Is. 

QOLBURNS, Z.— On Steam Boiler Explostions. 

One vary large Engraving, price 4s. fld. 

pONEY'S (J.) Interior View of the Cathedral 

^ Church of St. Paul. 

In 4to, on card board, la. 

£JOWPEB, C.— Piagraro of the Expansion of Steam. 

In one Til. if, with 20 Folding Plates, price £1 Is. 

pKOTON AQUEDUCT. — Description of the 

New York Croton Aqueduct, in 20 large detailed and engi- 
neering rxplanatnry Plalm, with ten in the English, German, 
and French languages, by T. SCHRAMKE, C.E. 

In demy 12 mo, cloth, extra bound and lettered, price Is. 

DEN ISO N.— A Rudimentary Treatise on Clocks 
and Watches, and Bulls ; with a full account of the Westmin- 
ster Clock and Bells, by EDMUND BF.CKET DENISON, M.A., 
Q.C, Fourth Ediiinn re-nrltlen and enlarged, will] Engravings. 
In rdvul .I'.!, clorh b-. arils, \inn-- £1 lis. Gil. 

"HOWNES, CHARLES, Architect.— Great Exhi- 

-t/ billon Building. The Building erecled in Hyde Park for 
the Great Exhibition, 1851; 28 large folding Flairs, embracing 
VUv.*. l/.ev.u i..j:k, ri!!cti.iiM. mid Details, Kid down to lar[re si-i!'. 
and the Working and Measured Drawings. 



DRAWING BOOK.— COURS ELEMEN- 
TA1BES DE LAVIS APPLIQUE A L'AKCHITECTURE; 
folio volume, containing 40 i-laboratol]' engraved Plates, in shadows 
nr.d tints, very lineij executed, by the best artists in France. £,'2. 
Paris, 

John Weale, 59, High Holbjrn, London, W.C. 
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TAIUES HI' I-.W1S ATPLlQl'l": A -M EC 1 1 A MQU li '. 
) volume, MiHiLilull^W ,•!;■.'■,. ■ v ^i.-ravcd I'Litiv:, in ihiirfowi. 



TION: 
shadows 

France. £1. Pa>fs. 

iWING : 

..IVES ET C — 
LAVIS, par J. H. TltlT< > X ; l.n:,! fcltn, -Jl line Plates, comprising 
the Orders of Archili'C.ui'i:, > ■;luc-, with pr. riles, ornaments, 
and forms of their proportion, art of shadowing doors, balusters, 

In 12nr>, ii lioiLiiii, ]i't'.:n-l, price Gs. 

ECKSTEIN, G. F. — A Practical Treatise on 
Chimnays; with re.mavks in St-.ws, (lit consumption of 
Smoke and Coal, Yeuiih.ti™, &c. 

nates, !iv.;Hii;ir .^n, ;-.:!■■■(' 7-. 

fLLET, CHARLES, 0. Ii., of the IT. S.— Report 

-* J rj the: IrayTiwiiciit f:t' Kii-miv/iii, linn incidentally of iho 
Ohio Riv er, by mains ..f Artificial Lakes. 

InSvo, Willi I'lor:;, ;>r!c« llist. 

EXAMPLES of Cheap Railway Making, 
Amcrigra and Bulr-ian. 

In one vol. 4i 

EXAMPLES for Builders, Carpenters, and 
Joiners; b. in^- " oll-s-.-ltcr. ■! Illustrations of recent Modern 

Art ami C-nstnic-i™. 

Willi Enyr.M int;n »in! W orients, pi it 

pBOMEj Lieutenant- Colonel, B.E. - 



In4to, iviili 1'1,,',-s. 

FAIEBAIEN, " 
WATER-WIIEKIA wr 



— [h board b;M_. 

Il'AIEEA IRN, W., C.E., F.H.S.-ON THE 

J- APPLICATION" i'F CA.-T ASH WUUUCIIT IRON TO 
IiUlUlINd I'L'KI'O.-i'nV 
3 n i ;n ti ; ! I '. i ivi-. wiili line I'l.i:. s n r ■ i ;-.r.v. p ltd ](;■>.. <r 'il:-. in 
:.air-D)-.Ti':ri.. cilc cJ-rn, 

TfERGUSSON'S (J.) Essay on the Ancient Topo- 

J- itmpl iy oi Jarn-ialom, with restored Plana of tliu TV mple, &c. 
In Svo, sewed in wrapper, p r i--c 2s. 

GILL, J. — ESSAY ON 'i'l i R THERMO 1 i'V- 
n am ics oi-' ulastic rr.nns, hv josi ph gill, 

with Diagrams. 

John Wonlo. 69, Ili;-h Holborn, London, W.C. 
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n WILT, JOSEPH, Ai-^ulecL-TKIfiATISE ON 
tut: KQiTiui;!'.! i m in' a;;<;iti:s. 

I., twn. 1) -r.r,U. v.-\:-. s I'] I.. CI. 

XT AKEWELL, S. J. — Elizabethan Architecture; 

illusirntcd liy |>(iT*l!cls of ilMilmi 11 .me, Haifulei, Lonjr- 
la , and Wollaton, in England, and ihu I'llizz 1 Delia UloceUaria 
at Rome. 

s7,~itTni MSirix 

ilMiriitei'-at-Law, Halifax 



HAKT, J-, On Oblique Bridges. — A Practical 
Ttcatlsa on the CoHMruetion of Oblique Arches. 



nKAI.D. CIKOKI.n; Svstnii rifelm- Out 
Railway (Jiirv^H. 

inn, price 12 
tio.il TriH 
ill, Mines, w 



Royal 8v.\ l'lmes ami w.,.,.-v n-.prioo 12*. 61. 
TJ EPLEY, JOHN". — Pradio.il Trwitisi: on the 
i l V.'„.;.in.r ii:, t l Wntil.tijii ■ f 0:il Mh;..j, unrii f:i; ; ;-vi«;iji 



Twu Vols., demy l-'iuu, in .■].>: Ii wrj ii'.Mnla -j.ui lettered, price 
13a. 8d, * 

JJOMER. — The Iliad and Odyssey, with the 



JJOPKINSON, JOSEPH, G.E.— The Working'of 

Huntington" "jI 'k""^— tables and 
KUI.KK !"<>:■ [■MciliUtin;; (i; c (],■ lc 1 ,1 .if . ■!! . I l-'j [■[] , .. ,. I k, I. .ill,', 
C'li.t-, ] li.-miici-i. n in! I'.v.iiy I.!.-' i i - ■ ■!!:-■ .1 in ti:<i 1 ■" . : r i - 1 : 1 ( i i : ul" 

[la,Ll«-iiT,.K..:i .is. mil! l.Sumts. 

Si'parato from I in; auuvc, p. Ecu ;ia. 

T-] TJNTINGTON, J. R, C.E. — THE TABLES 
« OF tt i: a i)i i:nts. 



In 4lo, wUh 8 ling 

— ACCOTJN" 

J OF THE lltO.N 

OF PARLIAMENT, with * 



2i 



In3 vols. 8vo, v. ilh ;..;,:l!Ll,..];L[c PLt'.'s, n|.»!i timu'drf, £2 2s. 

TONES, Major-Gen. Sir John, Bart. — Journal 

** of Ihe Sieges cirrtcd on by the Army under the Duke of Wel- 
Hn.;!"ii hi ff;>:.i'i, 1]!'!ii-,'.,ti rln- ve.irs l-'l 1 ;in 1 witli Accnint 

of ttia Lines .11 Tone.-. VH.lrns. I'.i- Mujur-Ueri. Sir JOHN T. 
JONtS, l:..rt, K.U.li. Tliin! i;,li :i.n. ^La-giid mis clittd bv 

LL^it.-d.ii.TiiiairHAHKV D. .(ONES, li.irt. 

I6mn. cl-i'li boards, 2.. iid. 

rENNEDY AND ItACK WOOD'S Taljlus for 

lv Setting out Curves. ■ 

In ■Hp, 37 f'liiti's, lnlf-cl-.th b'nnls.'u.i. 

KING, THOMAS. — The UphoUterer's Guide'; 
_ f'r C u-liriK ml:! l-',ui;iiu[; r>rnueri.-i, Till ]](■■■ s, Ar. 

1 volume 4to, 



NOWLES, JOHN, F. U.S.— The Element3 and 

" - if Naval Architecture; or. A Treatise on Ship 



Building, iheoretical and practical, on tu« be-4princl|ilesestabliHhi., 
in GreBt Britain ; *iih c>[' i-ns Tub:-* nf Ilinifii-.i-ns, Scantlings, 
&c. Tbo Tbird Edition, Hith an Apaendii, containing the princi- 
pl'B of constructing the Royal and Mercantile Navies, bv Sir 
KOP.RRT BEi'PLNGS. 

41 i'lues ol r. line m, tUli.iiiik iJuhi-i-S ;>' inn in Iniv.e til Id- folic, 
liulf-homiil, £2 lis. fi.l.: virli the text hair, humid in 4ti. 

T OCOMOTIVE ENGINES. — The Principles 

■A-* and Practice and Explanation of the Machinery of Locomotive 

Engines in npiratiun. 

In lShuo, newed, la. 

Rev. ROBERT. — An Account of the 

Observatories in and about London. 



"MANUFACTURES AND MACHINERY. — 

1V1 Frngre.'fl of, in Givat Britain, as exhibited chiefly in Chrono- 
logical notices o! some Letters Patent granted for Invention* and 
Improvement*, f i ■■ ■ n : hi cavli.-st liin ; m tin- r-'i- n ofQneen Anne. 
lGiuo,2s. Gd. 

jyjAY, R. C, C.E.— Method of setting out Railway 



M 



half-hound in morocco, £1 lis Bd. 

ETHVEN, CAPTAIN ROBERT.— THE LOG 

■■ 1 ME KC HA NT OFF ICE It. Viut-ed wi-li lit fur<. nee 
ion of Young Officers and the Youth of the Mer- 
. By ROBERT METHVEN, Commander in the 



T\T ETHVEN, 

1>! TJVES WKITTEN 11Y SEA COMMANDEHS, ILIAS- 
TKATIYE OF THE LAW OE STOItMS. The - J5Il-iijh:i:!i 

llnrricinn nf 1651. fitll TJiaerams. ______ 

Pin 1, laruc Sv.', 5s. P.irt 2, in preparation. 

MURRAY, JOHN, C.li. — A Treatise on the 
Stability of Retaining Walla, eluotdatoa by Engravings and 
Diagrams. 

John Weale, 59, H i L :T i II .lb.,ni, I.milon, W.C. 



On a larj-o folio sliec', price 2*. 6d. 

\IEVILLE, JOHN, C.E., M.R.I.A. — OFFICE 

J-' IIYDltAULIC TA»l-i;S: f-rtlie n»o of Mutineers engaged 

ill Water Wiil'ilS ■■ivili:; l.>:~..-;j;llf;..; ;!lk] ] 1 1 me [IslonS of lilVlT 

Channels and Pip's. 
InBvo, Second and mucli Improved Edition, with an Appendix, 

I^EVILLE, ° J 6 HN, M.R.I.A.— HY- 



ciic.il loiiii 



In Svo, cloth, bonrds,wlih Plates, a second edition, loi. 

4 rUACTIOAL TILEATLSE ON I.OCOMO- 
-•V rivu )-::<(.;im-:s ui'on i; ailwa vs. - with ^-liic.-L-.ui 



SB PAiinou 



By COUNT F. M. G. 



PARKER,^ fi CHAllLE4 l * W Archit'eeC F.I.B.A. — 
Tlie ltural and Villa Archilcclura of Italy, portraying Ihc 
tievcuil v.'ry iimri-t-n.r i-wiiiiili-s in tii;it country, with l^iiiii.Uei. 
and Specifications fur ilie appllsaili u of iho 6&tne designs la Eng. 
land; ji-lccled IV' :u l.i.iiljiii^a llihL sCluljJ in llio vicinity of ituiue 
and Florence, and arranged fur ltural and Doniustic Buildings gone- 



I'rire. c<.mi)!C!C. £-1 23. Ji: ■(to. 

POLE, WILLIAM, M. Inst., C. E. — COR- 

1 NI-ll l-l-Ml'INc KNtiiSKi designed and constructed at 
(tie Havlt. Copper House in Cornwall, under tbe superintendent 
■' CAPTAIN .IIINKIN.- ,.-.<:.a,:i and ni .v on duly at tllO Coal 
- -" Lnnguin, Department of the Loiro Inferior ™— 
— '- Drowlngn, historically and Hticntifleally di 



PORTFOLIO OF ENGINEERING ENGRAT- 
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60 Plates, 28i., boards 

PORTFOLIO OF GREEK ARCHITECTURE. 

-t _or, Dilettanti Drawing Book; Architectural F,nK;r8, rings, 
with riVsc- .-Uv.. Text. TLsiny ml »» s:u,li-i ui' lue LsSt 

Classic Models In the Grecian style of Architecture. 



PORTFOLIO OF ARCHAEOLOGICAL COL- 



18 Tiat^s, IDs. fld. Small folio. 

PORTFOLIO OF ANCIENT CAPITAL 
LETTERS, MONOllRAMS, QL' AIN'T DESIGNS, Ac — 
Beautifully Coloured and Ornaioented. 

153 Plates, h:ill-lni>tul in mwi-.cn, veiy neat, £* 4s. 

"DTJELfC WORKS OF G RE AT BRITAIN.— 

Consisting of Rallwnv.i, Rnils, Ch.i^i, Blocks, Cuttings, 
Emhnnkmeuts, 'lV.ntieis. UHi.j'.K Aivht'i. Via!!:;c:«, liiidff-s. Sti- 
I ion j, Loc .nn live iir.es, lie. : (.'nst- J run llriiLrrs, i'-i.n mil tins 
Works, Omuls, T. .-1;-,;.!!-^, Ceii!«rii] B , Masonry and Brickwork 
for Canal Tunnels; Canal Bust*: tlic l.midnn and Liverpool 
I'iiins Dimi'ndeiiH, Detc^c-, WiiIK IJ'my-, tili 

their Mssjnrv ; Mooriug-Ctiams : I'Ijui <-f the Hnslmir r.n.i f'..rt 
of Lond-.n, and other important Engineering Works, with Dcscrlp- 

In tiro Parts. Imperial folio. 

pUBLIC WORKS OF THE UNITED STATES 



And the tan in an Bro Volume, Trice together £2 6i, 

REPORTS, SPECIFICATIONS, AND ESTI- 
MATES OF rum. it: wuhks "i" the UNITED 
STATES OP AMERICA ; explanatory of the Atlas Folio of 
Detailed Engraving, elucidatim; prnrtcciOlv tliesc Important En- 
gineering Wt.rlti. The I'lilpi tire Kits; invert hi lite Iff HI St) !o. 

Imperial Svo, 50 Engravings, £1 5s. 

PAPERS AND PRACTICAL ILLTJSTRA- 

T10N3 OF PUBLIC WORKS OF RECENT CONSTRUC- 
TION- hOTII BRITISH AND AMERICAN. Supplementary to 
previous Publications, and containing all the details of the Niagara 
Suspension Bridge. 

EawlTnson"s™rot 



n Weale, 69, High Holborn, London, W.C. 
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TUBE, EKGINEKiSINC. i'l.Mi AKTs,*c. 

Iarovnl8>n, uniform with the preceding, Us,. «ilh L'liarls nnil 
V.'i>i«lH!i-. This »(.rk f>Ki'tl:cr in 'J \ Is. 

REID, Mnjor-Generat Sir W., F.R.S., &c. — 
the fkuii i; i>s u i" Tin-; lm-ivkloi'M ;..\ r of Tin; 

LAW Or STdUMSi AM) (IF Till; VAl:iAI!|.i: WINDS, vith 
I In: jji-.i:- 1 l -jSj'i- :i| p icn-.i.'ii ■ >:' I In! snlijwl I ! ii. l i i, mi inn. 



JJEVT, J. L., C.E. — The Progressive Screw 

12m o, doth boards, 3s. fid. 

SI M M S, F. W. — Treatise on the principal 
llii'i:. :i .ii.: il Drawing ins Irani pills eiuiiloj-ed t>r the 
Kns'LiH'- :, A 1 L"':;i: cl. n:nl Sm vmv,!': v.'iil; n dc: criniieii ( I riisj- 
doli'e, lugcllicr ■.villi JininiL-ii.Hjs in Field Works. 

ito. with tine Flutes, a Not Edition, extended, M»Bi, 5s. 

SMITH, C. H., Sculptor.— Report and Investiga- 
tion into the Qualiiicaliopa and Fitness of Stone for Building 



In t vol. 8vo, in boards. U.M. 

CMITH'S, Colonel of the Madras Engineers, 

O Observations on iho Duties and BesponstblliUes Involved in 



JOPWITJI, THOMAS 



COP 

31 INK.-? 



Staircases'ha^drail^baXtjstiiades. 
AND KEWELS UF THE ELIZABETHAN AGE, Ac— 
■ Connlsllng of— 1. Staircase at Audley-end Old Manor Hmis» 
Wilts; i. Cli>r!-.«i H",i-,., Td'nt : :s. Civm i:llin::li Hull, Mi: 
folk; 1. 1 >: Tt". . . i],..„l,iie; (.'|.urti-rlio:i»c: li. U:iS; ftnirca-e 
Clero Hall. Cninhru:^.; 7. Ci-jmivMl il.nl. ] ! i.-'n-n ; e . LJ ;,| I1; 
Catherine Hull. I ', unb illed : 10. S:nii.-:i-f bv Inigu Jones :.t .. 
hoase In ChOT.Elr.s Fin.,-!: 1 1 . niir,, m Ha-i Suit.. ii : U. Uitt... ilitif. 
T^aful to those constructing edifices In the early English domestic 

Lame atlas folio Plates, price £2 2 H . 

STALKARTT, M., N.A. — Naval Architecture ; 
or, T 



.1 and Rules of Ship Building: eiamplifled 



gTEVENso\ ^ 1 fi i 1 4^- ' 1 t Edinburgh, 
QTEVENSON, DAVID,' C'.E., uf Edinburgh.— 

& r^n [.pi. hi. -ill M lili Work on Tidal liirers. 

Tflit In lio, and largo folio Atlas ot 70 I'lates, balf-cloth boards, 
£1 tU.fi. 

CTEAM NAVIGATION. — Vessels of Iron and 

O wood: ihe Ste.i.u Kngi.i.i : mid un *:.ew Propulsion. B7 
W.M- FA J [Ll'-A li;^. I'.l:.; S...,f.'.i. r:r!, -iter; M. l-'UF.UKSTKli, 
M. I.C.I"., '■: l.iv,:nu"li l.AIi;li. M.I.C.i:., nf Birkenhead; 

oi.rvi" t: i.am;. ;u'.-', ,,f\v,.i,:,-:i; m • wv.Mto, Liiue- 

hoilie, fce.&C. Me. TiwHlllT will, lil-Mllts of |-: S[ i,Tii!H«its on the. 
Disturbance u: Oi 11 :■: in lu.i. j;iil'. Siiii:;;. ilvU. B. A11LY, 
M.A.. Astronome r Royal. 

10s. 



OT. PAUL'S CATHEDRAL, LONDON, GREAT 

^ PLAK. — J. WALE and J. GWYN'S GREAT PLAN, 
accurately mcasiiivd fr.in 1 1 1^ Building, with all the Dimensions 
figured and In detail, description of Computnuata by engraved 

Secoi.d Edition, greatly enlarged, royal 8yu, with Plates, cloth 
boards, price Ids. 

CTRENGTII OF MATERIALS. — FAIUBAIEN, 

WILLIAM, C.K., F.K.S., and of the region of Uononr of 
France. On the application of Cam and Wrought Iron to Building 
Purposes. 

Willi Plates and Diagrams. No-*- Bdiu™. Tlio work complete 
in 3 vols, hoand In ) vol., p;itv. in chill: hoards, 16fl. Tl» 
second nurli. 11 ni' l1i« md, fii<lnii:iiiii Mr. Hinlgkinaun's Eiperi- 
mental Researches, rnny lie hud separately-, price <<-;. 

STRENGTH OF MATERIALS. — HODGKIN- 
SON, EATON, F.R.9.. AND THOMAS TItLDUOLD, 
C.E. A PRACTICAL liSSAV ON TUB STUB. MUTT I OF CAST 
IRON AND OTHEB METAL3; intended for the assistance of 



ciijrii!-, ] -, ir rima-iier-i. mil!-,. ri:;lr.s 
find nr!ii-r.i cn.:!ii'i i! in Hit- fH-n.-riir t i, n 
By EATON I1O1XSKIS60N, F.lt.S. 



Q TR ENGTH ' ' OF™ MA T E R I A LS.— PO LE^ WIL-' 

f LiAJU, C li., I'.Il.S.— Tables and popular es planationa of 
the Strength of M.uerlals, of Wrought aud Cast Iron with other 
metals, for Btrui:< mi ill inir]if>s-s; di-.v,d:i;;ing in 11 syslciiinlic f..ri:), 
ilie strengths, henring-i, weights, and firms (if tLese materials, whe- 
ther used as girder-, it urci.ci. fur the ci 



! girders or oreliofl, for the caustiuclion of bridges and 
1, public buildings, domestic ma on Ions, private buildings, 
wiuiuiia Or pillars, bressiimuiiera for warehouses, slm|i-, "'.irking 
and manufacturing factories, &r. &o. air. The »bolc rendered of 
■.■isy reiertiui: 1. r a cliitcc'h, builders, civil iind mceliauical eugl- 
neers, millwrights, irmifuundi n., .it. Ac. ic, ami forming Heady 
lieckoutror Calonlatur. 

John Weale, SD, High Ilolbom, London, W.G. 
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TVlIt WEALTH WORKS ON A'liCHITEC- 

Tl.'itr,, KNCINKEHISff. FIX I". A UTS, *C 

30 very fl-lHiralely drawn Engravings. In Urge 4to, neatly hair, 
hrniiij .11 .: l(-fcr,uT, .' 1 1'. A hx vtnh-i ■ n huye imperial 
eitrshalf hinilinK. n lis. Cd. 

1'EMPLE CHURCH.— The Architectural History 

*- and Arcliirci-.fur.il Oi iiaii,.v;i., KmbdlWiisunts, am] i'.-.i.ifivl 
Class, of the Temple. Cburcb, London. 

rail I, with 2(i Engraviiigson Wood and Copper, in cloth boards, 

'I H AMES TUNNEL.— A Memoir of the several 

t Operation* and 11"! i: .TiMriioium r,f tl.o Thames Tunnel, tram 
Papers by thn Into air ISAMDAfiD miCNLI,, F.R.3., Uiril 
E ngineer. 

^ HOM AS '{LY NA Lh)l f!u^! K— Ei fl ed"o rd nance! 

if llio Killa^o'o'i Trta "' " '' : 

added a New Thi 
Gunpowder, putes. 

Iu 4to, complete, el 
ditto, 

-TRANSACTIONS OF THE INSTITUTION 

A OP CIVIL ENGINEERS. 

Engravings of Sections of Coal Jiincs, it., large 



A New Eililioti revised by ilic translator, a 
in <I,.i:iy i-J:n:i. In.ifa ;,,„ ■( anil 
m -.: „:^,i. nilt [ „-..;, jiticc 1:N. (July lifi prinlud un India paper, 

yiTRUVIUS. ~ The Architecture of Marcus 



^yALKER'S, THOMAS, Architect. —Account 

117 E ALE'S QUARTERLY PAPERS ON - EN- 
VY c.IMiEHINO. — Vol. VI. (Parts 11 and 12 completing 



On Naval Arsenal*. On ib,- Mnln ci F.niiiii'-,- Fiiitidallona under 
miter aid on bud ground, i-lutci. <'». elm 1 nip rovemont of the 
Hirer Med way anil , f V.'.o F,,rL ami Arsenal of Cliatliam. On the 
iTiiprovciiii.-n; i.r I'urtwn.nitb Harlua;i-. .In Analysis of ihe Corniili 
Pumping. Plates. On Water Wheels. Plates, 

Text in *rn. !■;:>: :i U-nr.U. an-l l'iafr-; in all:'-; tKi", d.-.rli. If J. 

WHITE'S, THOMAS. N.A.. Theory and Prao 

»» lireof Ship Building. 

In Svo. with a largo Sectional Flute, Ifl.Od. 

WHIC'HCOED, JOHN, Architect. — 
OB=KI!VATlt>';n O.N KLMTSII HAG STONE AS A 
BUILDING MATERIAL. ' 

J.'Ilh W.alc, fill, H^ti 1M'; ffl, l.i-ndim, vr.c. 
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WICKSTEED, THOMAS, C.E. — AN EXPE- 

" RIMENTAL INQUIRY CONCKKXTXG- THE RELA- 
TIVE FUWLU OF, AMI USEFUL E1TEC T PRODUCED 



WICKSTEED, THOMAS, C.E. — FURTHER 

»" ELUCIDATION OF THE USEFUL EFFECTS OF 
' :i ">nMSil I'LMITNC KNtHNKr; simwiii- sicj^c ».;:rk- 
ing for long periods, Ac, &c, &c. 

WICKSTEED, THOMAS, C.E. — THE 
ELABORATELY ENGRAVED ILLUSTRATIONS OF 
TilF. CORNISH A N II ilOUl.TllN * WATT ENG IN Ei erected 



flnf^ine engravings bj- GLADWIN, J 
lade expressly by Mr. WICKSTK]""' 



10 WHY, of Httlroy and vfcafa'pA" nt iHi'iip-vlwo^SL' epecU 
Section, 

With numerous Woodcuts. 
WILLIAMS, C. "WYE, Esq., M. Inst. C. E. — 

' * THE COMBUSTION OF COAL AND THE PREVEN- 
TION OF SMOKE, chemically and practically considered. 

Imperial 8vo, with a Portrait. 2*. Gil. 

WILLIAMS, C. WYE, Esq, M. Inst. C. E. — 

*' 1T.I/.K F.5 = AY ON 'iiiF I'itF.YENTKIN OF TUE 
SMOKE NUISANCE, with a tine portrait of tha Author. 
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ILLIS, KEY, PROFESSOB, JI.A. — A 

system of Apparatus for tlio use of Lecturers and Experi- 
tcrs in Mechanical Philosophy. 

lu 4Lo, bound, -vitli '.s Imr.i ami ^ ih-ilIc^. vi*. 

ILMK'S MANUALS. — A MAN OA I . OF 

WRITING AN U PRINTING CHARACTERS, both 



BUM ana Finns, in 4 tn r plates coloured, half-bound moroceo, £2. 

WILME'S MANUALS. — A HANDBOOK 
FOR MAPPING, ENGINF,iU;JNG, A.N II AliUIHTEC- 

TURA1, DRAWING. ____ 

Three Vols., laree 8to,£3. 

WOOLWICH. — COUESE OF MATHEMA- 
TICS. Tliis c-mrse in (issL'istiiil In all Students destined 
fur the Royal Military Academy at Woolwich. 

YULE, MAJOR-GENE SAL. — ON BREAK- 
WATERS AND HUOYS ■ f V F.RTIC AI, FLOATS. 



31 



Large folio, 32 plates, soma coloured, and 13 noodculs, 50 francs. 
£2109. 

A ECIIITECTUIiE SUISSE. — Ou Choix de Mai- 

- a - sous ttnsiiqucs des Alpi s i!u Out™ de Berno, pat OllAF- 
FINRIED et ST0RLEK, Architectes. Berne, 1844. 

explanatory plati 
&c, Ac, vary 

BAUERNFEtNii,"' CAEL MAX.— VOIiLEGE- 
UIEi'i f n.i.i, l i..KL:iiii i, i mm - 

Largo folio, 36 plates of Byznntino cnnitsla, 12a. 

gYZANTINISCHE CAPITAELEJi. — Miinchen. 

Second edition, 136 plates, large folio, host Paris edition, 100 f., 
printed on iir.c r.^.u: , I in! R ]..;:, ■ ; .,„d .. XI I ;. 

HALLIAT, VICTOR ABCT.—ParaUdle des Mai- 

V sons do Paris, conmrultes deputs 1630 Jimnu'li nos joura.— 1B37. 
Large folio, 60 francs, 30 plates, and several vignettes, £2 8s. 

pANETO, F. — Sainte-Mari6 d'Auch. Atlas Mono- 

^ graphiouede Cette Cathtdrn],-. Tin- I'lnl^ fn«W niiiicipally 
of outline drnwingg of Ibc Fainted Class Windows in this Cathe- 
dral 

120 plates, elegant in lialf-morocco eilra, interleaved, £B 16s. 3d. 

H ASTERM AN", A. — PAHALEELE dea MAI- 

v SONS de BRUXELLES et des l'HINCIPA I.ES VILLES de 
la BELUIQUi;, construltea depala lSillt jusrin'it nos jonrs, repri- 
scntesan plans, elevations, crip o a i". del nils iiHiibv.r'; i.t tiii'rlturs. 



I!:.- ubi.-.r- ^iven, £1 Is. 

T\EGEN, L. — LES CONSTRUCTIONS ORNA- 

- Lf MKNTAl .ES EN HQl s.Blivraisoas. 

In ivrv l„r,;f! fulin siarts, S:> f.ir: plates. £1 lis. 3d. 

fVAEBTNEE, F. V.— The splendid works of M. 

VJ GAEltTM'.i: of _M i l:- i ill. dr-inm lo a very large size, con- 
sisting of tlie library in plans, elevations, interiors, details., and 
sections, and coloured ornaments. The church, witk details, orna- 



TT ALLEN 1SACFI, C. C— Clirouobgie der Dentsch- 

_ i'l'tto: Hr.; L lir.lir.ri ]i,..ukiL-isL- -II mirliiiii. Fin,- Wntk. 

The works of the groat master KLENZIE of Munich, in 5 parts 
very large ffflliu, .Vi 1 .,: il t.-.i ■ >[ fln-i.li.ti-i, pi. ins. sfnticis, detsilj 
and ei-imnn-nts. i,f his public „nd piiveto iil.ildiiii-i ,:i«.itud : :1 
Munich ami St. Petersburg, £2 2s. 

TT'LENZE, LEO VON. — Sammlung Artliitec- 

IV tonlslior Km. :i i r.-. Mr di.> Ansfilliruiig bestlmmt oderwirli- 
lieli ailB-ffii livf. i'l'Mi-h:.,! iii \[,i::i. li. 

John Weale, 60, High Holbom, London, W.C. 



Upward™ fll 100 fi ll, 41,. £t S2±.Gd. 

DETIT, YXOTOH.-(-!I!ATI0Ai:X UK f-'l'tAKCK. 

-*- Architecture PittorBsqne, ou MonumenW dos nuinzienie tt 

seizicme Electee. Paris. 

Livraiuona 1 & IS, very finely esecultd plates, large imperial folio, 

pHATEAUX ] 
^ ldihk ni-'.s xv. ; 



"DECUEIL DE SCULPTURES fiOTHIQUE.— 

-L 1, DesBintes fjr.ivHe.n ii l'-.iu l..rt.- rt'.ipiea jiItim beaux monu- 
ments coiislruiin on Franco ucpuia lo onz:i>mo jiuriu'nu qulnzteme 
Bificlp.par ADA)! -. Imp. n-.cn: iks tiavaisx d; j.L S Li:i: u CliJ.no. k'. 

Paris. 1B5B. 

4 pai ls aie publlatii-d, price Us. 

~D AMfiE. — HI ST 01 EE GENERALE DE L'AR- 

J-^ CmTECTlTRi:. L'Hi--,iu.! ;;.':ih:lV rt" 1' Architecture, par 
DANIEL It AM UK, f.niiit' S v..l. sriLinle i:i Sv.j, publies en 8 fas- 
cicules. _ 
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■yiOLET-LE-DUC. — DICTION N AIRE RAI- 
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A CCADEMIA DI BELLI ARTI. — Opere dei 
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in Milium, r |:iii:li:'Mt,'. mira Ar. h\u-.:in, ( i . A I, I' ISKTTI 
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A LBERTOLLT, G.~Alcune Deeorazioni di Kobili 
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itOFFmTn^ ET^KELLERH 

A * de Desains retatifs a I' Art de la Decoration chez iou» lea 
]>enples et nui plus hellea cpoquea de leur civilisation, tee., des- 
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peintro.-. Bur v.lt.', i>! fis ili ^lmMiri fabl'iques. 
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HOPE, ALEXANDER J. BERESFORD, Esq.— 
Alil!LhluHL'0:i <'<:7 i.ihi.^-'Trjhir- in dt:r Sn.lvaui--Kr--^i,i, in 
liilniioH-n in dm- fi rsfi-nhafi Kent. Conies a{ paintings on class io 
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LE P AUTRE. — Collection dea plus belles Com- 
positions, sriviN's [i ir DK CLOUX, Archte. L'Ouvrage con- 
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TUETTVIER, MONS., Arch ite etc.— The original 
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ZANETTI. G.— ST IT 1 1 II AKUHITETTONICO 
OltN AMEN T.W.I, d-.lic.v.i air ,1. 1{, Arcndemia VcneU delle 
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IRON SHIP BUILDING. 



PRACTICAL ILLUSTRATIONS. 
JOHN GRANTHAM, N.A. 
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Gunwales, and 



Blringers. 
4. Gonnales conllnnec 

Dscks, and Orlop Beams. 
£. Angle-Iron, T Iron. Z Iron, Bulb 

Iron, as rolled for Iron Ship- 

Building. 

6. Rivets, shown in section, natural 

size, Flush and Lapped Joints, 
with Single and Double Ki- 

7. Fisting, three plana, Bulkheads, 

and modes of securing tbem. 

8. Iron Masts,«[lh Longitudinal and 

Transverse Sections. 
0. Sliding Keel, "Water Ballast, 
Moulding the Frames In Iron 
Ship-building, Levelling Plates. 

10. Longitudinal Section, and Hair- 

breadth Deck Plans of large 
Vessels, on a reduced scale. 

11. Midship Sections of Tliree Vessels. 

of different si ms, 

12. Large Veiiel, showing details.— 

Fere End in Section, and End 
View, with Stern Post, Cratches, 
Deck Beams, &c. 



This Work may be had of Messrs, Locr.iv< oj> & Co., No. 7, Stationers' 
Hall Court, and also of Mr. Wkale; either the Atlas separately 
for 1 1. 2s. Gd., or together with the Teit price aa above stated. 

Bradbury and Evans, Printers Whitmans, 



PLATES. 

Large Tenet, showing details. — 
Jfief End in section, with End 
View, Slarn Frame for Screw, 
and Rudder. 

T:<;,-$<> Vcs'l, showing details 

Xldikip Section, Half breadth. 

JTocAfeufOr Punching and Shear- 
ing Plates and Angle-Iron, and" 
for Bending Plates ; Rivet 
Hearth. 

Machines.— Garforth's Hireling 
Machine, Drilling and Counter 
Sinking Machine. 

Air l'--trnai;s for Heating Plates and 
Angle-Iron; various Tools used 
in Riveting and Plating. 

Gunadle, Keel, end Flooring; 
Plan for Sheathing Iron Ships 
with Copper. 

Illustrations of the Msgnetie Con- 
dition of various Iron Ships. 

Gray's Floating Compass and Bin- 
nacle, with Adjusting Magnsls. 

Corroded Iron Bolt in Frame of 
Wooden Ship; Caulking Joints 
of Fl a tea. 

Oreat Eastern— Longitudinal Sec- 
tions and Half-breadth Plans. 
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